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INTRODUCTION 
The second half of 1958 saw an important step forward in 
the science of communications. At this time an entirely new 
dimension in the transmission of sound made its impact felt 
upon broadcasters, manufacturers, advertisers, and public. 
The new medium was stereophonic sound. 
The principles of stereophony had been known for a long 
time. The modern-day revolution in sound began in October 
1957, when the stereophonic long-play disc made the step from 
laboratory pipe dream to actuality. 1 Before this event, 
stereophonic sound was available only to the few persons who 
could afford the high price of stereophonic tape recordings, 
and the possession of equipment to play them. There were al-
so a few motion pictures with stereophonic sound tracks and a 
small number of radio stations engaged in "stereocasting." 
This study, to the writer's knowledge the first under-
taken on the subject, is designed to aid understanding of the 
principles behind stereophony and what the medium has accom-
plished. It is the writer's hope that in so doing, the great 
value of stereophony in communications will be demonstrated. 
The need for further research on the subject is great. 
Broadcasters and others in the industry wish to make the best 
1Herbert ReidJ "History in a Hurry," Hi-Fi & Music 
Review, October 19,8, ~· 66. 
possible use of this new medium, but little has actually been 
written about it for the general public. The broadcasters 
have called for immediate research into the problems of stere-
ophonic presentation, because, according to Sidney Frey, 
President of Audio Fidelity Records: "Barring an economic 
catastrophe or deliberate government opposition, which at this 
point is inconceivable, a conservative guess is that stereo 
radio will be in general use within three years."1 
This study documents present information and points the 
way to new research in stereophony. A full-scale investiga-
tion of stereophonic reproduction and its relation to the 
communications industry would not be useful if numerous 
writers had not agreed on the distinctiveness of the medium. 
Engineers of a top consumer-testing organization have called 
stereophonic sound a major step forward -- greater than that 
made when the long-play record came on the market in 1948. 
Color television, an "improvement," has not obtained ready 
consumer acceptance; but, according to the engineers, stereo 
will, because it is different. They have even gone so far as 
to add: "Stereo is not a development that applies only to hi-
fi. It is an entirely new approach to sound reproduction."2 
In 1944, three members of the NBC Engineering Department, 
G. M. Nixon (Assistant Development Engineer), C. A. Rackey 
lsidney Frey, "Radio Revolution," Printer's Ink, October 
24, 1958, p. 24. . 
2"The Big Push Behind Stereo," Consumer Reports, October 
1958, pp. 520-521. 
2 
(Audio-Video Facilities Engineer), and 0. B. Hanson (Vice-
President and Chief Engineer), set down eight conditions as 
absolutely essential to the achievement of true fidelity in 
any sort of communications. The final condition: 
The spatial relationships of the sources of sound 
must be transmitted and reproduced. (That is, stereo-
phonic sound transmission and reproduction is essential.) 
A system as described above with the exception 
of ••• stereophonic transmission, is not too1difficult of realization from a transmitting standpoint. 
By 1959, however, stereophonic reproduction need no 
longer be excepted. Broadcasts satisfying all eight of the 
NBC desirata, including the last one, have been carried out 
for some years now by pairs of FM radio stations in certain 
areas of the United States. 
Another writer later decried the incomplete effect of 
standard broadcasting. Earnest La Prade (1947) suggested that 
all the requirements of high fidelity could be met through 
frequency modulation broadcasting. The sound, however, would 
still fall short of the true fidelity by reason of its ~­
phonic characteristic. This is because man hears stereophon-
ically, with two ears. 2 
Certain musicians also have realized the value of a 
technically "complete" method of communication. Leopold 
Stokowski, for example, discussed in a 1935 article the early 
la. M. Nixon, c. A. Rackey, and o. B. Hanson, Down to 
Earth on High Fidelity (New York: The National Broadcast1ng 
Company, Inc.), l944. Cited in LaPrade, Broadcasting Music (New York: RhinehaUt and Company, Inc., 1947), p. 213, and 
note. 
2 LaPrade, p. 23. 
3 
name for stereophony, "auditory perspective:" 
Adequate transmission of music must meet three 
requirements: it must faithfully transmit (l) the 
complete frequency range; (2) the complete intensity 
range; and (3) with the true auditory perspective ••• 
To convey music with full and true auditory perspective, 
we should have, in my opinion, double circuits which 
could be made to cor1espond to our method of hearing 
with two ears. • • • 
The first two chapters of this study provide background 
that is necessary for a complete understanding of contempo-
rary studies on stereo. In chapter one is delineated the 
physiological basis of hearing with two ears, while chapter 
two documents the early history of stereo experimentation. 
The arrangement of the following chapters is based on 
two factars. One possible division would have been by the 
type of program material carried in stereo. This, however, 
would involve elements of information theory and complicated 
technical matters. The division chosen therefore was by the 
medium which carries the stereophonic information; namely, 
film, tape, disc, or radio waves. 
The secom factor in these divisionswas the order in 
which the four media presented stereophonic sound to large 
numbers of the population. Film, while not the first medium 
of stereophony, was the fi rst to bring it before many people, 
in the theatres of the country. Magnetic tape next made pos-
sible the sale of commercial recorded stereo tapes that could 
be bought by those music-lovers financially able. The stereo 
1Leopold Stokowski, "New Vistas in Radio," The Atlantic 
Monthly, January 1935, pp. 2, 6. 
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disc, as mentioned above, launched the real stereo revolu-
tion. Finally, broadcasting in stereo, while it had been 
done as far back as 1924,1 has been mainly experimental in 
nature. For the few stations doing it regularly at this time 
(1959), it is at best a make-shift operation. The real ad-
vent of stereocasting will come only when a standard system 
of multiplexing is chosen so that stereophonic material can 
be broadcast by a single radio station without tying up a 
second station for the second channel. Therefore this medi-
um is listed last in the arrangement af chapters by media. 
The ~ir.entb chapter deals with the l:u siness aspects of stereo-
phony, with its effect on recording and broadcasting esthe-
tics, its specialized uses, and its acceptance by industry 
and public. 
The source material used for the study consisted mainly 
of scientific journals and periodicals in the field of radio 
and sound. MUch of the material concerning the early history 
of stereophony was found in issues of Radio News, and writ-
ings of the Acoustical Society of America were helpful in 
writing tbe discussion of stereophonic hearing. The Journal 
of the Society of Motion Picture and Television Engineers2 
.... was a major source for the chapter on stereophonic sound on 
llAldwig Kapeller, "Radio Stereophony," Radio News, 
October 1925, p. 416. 
2.rhis organization was formerly knav n as the Society of 
Motion Picture Engineers. When television arrived, the name 
was changed to its present form. It is thus abbreviated 
either SMPE or SMPTE, as the case may be. 
5 
film, and Tape Recording proved useful in the chapter on that 
medium. 
Details from :rer iodicals and journals devoted in part or 
in whole to high fidelity and audio reproduction provided in-
formation for the chapter on disc reproduction, and Broad-
casting was peru sed for mention of stereocasting activity 
around the country for chapter on broadcasting. There is 
only one text on the subject of stereophonic sound, and that 
from the viewpoint of a layman considering installation of a 
stereo system in his home. 1 While approaching the subject in 
quite a different manner from that author, Norman Crowhurst, 
this writer found the book to present in a clear discussion 
many useful facts and concepts about stereophony. The writer 
has therefore found the Crowhurst book extremely helpful. 
Crowhurst has said, "This subject seems to have grown 
2 
up in a sort of no man's land." Consumers are reportedly 
being confused by the many conflicting explanations of stere-
ophony. An engineer's explanation is usually too technical 
for the layman, and a musician's too subjective, and a deal-
er's too commercialized. The writer, with a background even-
ly divided between the technical and musical, believes he is 
equipped to give a balanced view of the subject of stereo-
phony. The aspects of historian and student of mass communi-
cations also enter into his work on the study. 
1Norman H. Crowhurst, Stereophonic Sound (New York: 
John F. Rider Publisher, Inc., 1957). 
2rbid., p. vii. 
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CHAPTER I 
STEREOPHONIC SOUND AND HUMAN HEARING 
Hearing With Two Ears 
The quest for stereophonic sound, which will be des-
cribed in the next chapter, came about because human beings 
hear with two ears, while conventional electronic communica-
tion is "one-eared." The quality of hearing in one ear may 
differ from the other ear, but this does not greatly affect 
the stereophonic effect unless the difference is very large. 1 
The common analogy of two-eared hearing is stereo photo-
graphy. This explanation abounds in popular publications en-
deavoring to "simplify" the stereophonic theory, and is also 
found in dealers' sales pitches. It draws attention to the 
great difference between ordinary photographs, either black 
and white or in color, and stereoscopic slides. It explains 
that ordinary photographs are two-dimensional, or flat, 
whereas the stereoscopic slides have a "depth" or third di-
mension. The difference between two-dimensional or ordinary 
sound and three-dimensional or stereophonic sound is supposed 
t b . t d . 2 o e JUS as ramat1c. 
1Donald Carl Hoefler, "Ready for Stereo?," Radio-
Electronics, October 1958, p. 36. 
2Norman H. Crowhurst, Stereophonic Sound (New York: 
John F. Rider PuOlisher, Inc., 1957). 
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Granted, there is a startling difference between three-
dimensional and two-dimensional photography, but the analogy 
is a poor one when applied to stereophonic theory, for sever-
al reasons. There is no true parallel for the difference be-
tween ordinary and stereophonic sound. Norman Crowhurst puts 
it lucidly: 
In the realm of sound there is no such thing as a 
direct counterpart for the two-dimensional or flat pic-
ture. It is quite impossible to have a two-dimensional 
sound. I am not saying there is no diffe¥ence between 
stereophonic and un-stereophonic sound. here is. But 
the difference is not to be easily explained as by draw-
ing an illustration with 2-D and 3-D pictures. 
The qualities about sound and listening that give 
us an impression of depth are quite different from the 
qualities about light and vision1that give us a similar impression of the things we see. 
It is true that sight with both eyes, by dint of their 
small amount of separation and the Ja ter fusion of their sep-
arate images into a single one in the brain, enables a person 
to judge depth more accurately. However, viewing a subject 
with only one does not appreciably change the visual effect. 
It may be more difficult to judge distances and speeds, but 
for the greater part the differences are more subtle than in 
h . 2 ean. ng. 
But a marked difference is heard when sounds are re-
ceived by only one ear. It sounds different. Several very 
important clues which enable the ears as a pair to estimate 
distance, direction, and to separate reverberation from 
1Ibid. ' p. 2. 
2Hoefler, 2£• cit., p. 36. 
g 
original sound, have been destroyed. 1 
Theories of Stereophonic Hearing 
One of the hearing cues has been called the "time-
difference" theory, and was first suggested by Hornbostel 
and Wertheimer. 2 Sound waves travel through the air, and as 
such contain periodic peaks and valleys in the same way as 
any cyclical variation. Now since the two human ears are 
several inches apart, a given sound will travel over two 
slightly different paths in reaching them. If the lengths of 
these two paths are not equal, there is a time difference far 
the arrival of the sounds at each ear. This occurs whenever 
the sound source is neither directly behind nor in front of 
the listener, that is, at 0° nor 180°. Thus the time differ-
ential is nearly always present.3 (See Figure 1.) 
One of the other theories is that of intensity and 
phase. 4 While one ear is receiving a positive pressure peak 
in the sound wave, the other ear may simultaneously hear a 
negative peak. Very seldom are both sound pressures at ex-
actly the same point in the cycle as they strike the two 
eardrums. Since this relationship of phase is constantly 
changing, in the case of pure tones used in research, there 
1Ibid. 
2cited in Albert B. Wood, A Textbook of Sound (New York: 
Macmillan Company, 1930), p. 362. 
3Hoefler, 2E• cit., p. 36. 
4wood' loc. ru 0 
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(From Moir, High Quality Sound Reproduction, p. 362.) 
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will be an alternate addition and subtraction that will cause 
audible "beats.n1 
These "binaural beats" were studied at length by S. P. 
Thomson in 1877. 2 A sound led into one ear by a telephone 
earpiece was capable of giving beats with another sound of 
slightly different frequency led into the other ear. In 1925, 
c. E. Lane came to the conclusion, after gathering experimen-
tal evidence, that the beats were not due to cross-conduction 
through the head, l:ut were of central origin and resulted 
from the sense of binaural localization of sound by phase.3 
What appears to the writer to be exactly the same phen-
omenon has recently been dubbed both "binaural interaction" 
and "binaural fusion. n W. H •. Huggins reported that his work 
in 1953 showed a binaural stimulus to give a fairly clear per-
ception of pitch although the separate stimuli applied to the 
two ears gave no such perception.4 The basic stimulus con-
sisted af white noise5 introduced into one ear while the same 
white noise, phase transformed in a narrow band of frequen-
cies, was introduced into the other ear. He continues: 
lHoefler, loc. £1l. 
2s. P. Thomson, Philosophical Magazine and Journal of 
Science, IV, 1877, p. 274. 
3c. E. Lane, Physical Review, XXVI, 1925, p. 401. 
4Elliot M. Cramez- and W. H. Huggins, "Creation of Pitch 
Through Binaural Interaction," Journal of the Acoustical 
Society of America, May 1958, pp. 413-417. 
~ite noise is an envelope of high-frequency "hiss" 
with no musical tones, often used in hearing and conditioning 
research. 
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I 
l 
~ 
I 
It has been clearly demonstrated that under certain 
conditions noise may be introduced separately to the two 
ears, and a pitch-like quality will be perceived which 
is entirely due to binaural interaction between the 
phases of the noise stimuli • • • binaural phase inter-
action must be taken into account in order1to give a satisfactory explanation of existing data. 
Again, the mechanism of "binaural fusion" is discussed 
by B. M. Sayers and E. C. Cherry in the same journal. They 
deem it a statistical operation based on the brain's execu-
tion of running cross-correlation of the two ear signals. It 
must be understood, according to the researchers, before any 
consideration of our binaural directivity sense and our 
2 
speech discrimination sense is attempted. 
Speech discrimination brings to light another phenomenon 
whimsically titled "the cocktail party effect." Irwin Pollack 
and J. M. Pickett, again writing in the Journal, say that it 
has long been felt that directional information of a talker 
may improve the intelligibility of his speech when heard 
against the voice babble of other talkers. They decided to 
explore this effect scientifically. The reception of words 
of one syllable, presented against a background babble of 1, 
2, 4, or 7 talkers, was compared under two listening condi-
tions: (1) In the stereophonic listening condition, one set 
of background talkers was presented to one earphone, another 
1~., p. 417. 
2B. M. Sayers and E. c. Cherry, "Mechanism of Binaural 
Fusion in the Hearing of Speech," Journal of the Acoustical 
Society of America~ XXIX, 1957, p. 973. 
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set of background talkers was presented to the other earphone, 
and the test words were presented to both earphones, binaural-
ly, in phase. {2) In the control listening condition, only a 
single set of' background talkers, and the test words, were 
presented to a single ear. The stereophonic advantage 
{really the binaural advantage, by strictest definition), far 
50% word intelligibility, ranged from 12 db with one back-
ground voice per channel to 5.5 db with 7 background voices 
per channel. To quote, "In summary, large gains in word in-
telligibility above a background of speech babble may be ob-
tained with stereophonic listening as compared with nonstere-
ophonic listening."l 
This area, or lobe of maximum sensitivity can be 
"pointed" by the two ears in any desired direction without 
turning the head. In the direction chosen, the sensitivity 
is some 10 db to 15 db higher than it is over the rest of the 
azimuth. (See Figure 2.) Here an analogy with sight might 
be more appropriate than the one mentioned earlier. We can 
~ objects through an area of 160° in azimuth, although we 
focus on objects in only a few degrees at one time. The 
steerable directivity characteristic of hearing would be im-
possible if we possessed but one ear. 2 
1Irwin Pollack and J. M. Pickett, "Stereophonic Listen-
ing and Speech Intelligibility Against Voice Babble," The 
Journal of the Acoustical Society of America, February 1958, 
p. l3l. 
2James Moir, High Qualitz Sound Reproduction (London: 
Chapman & Hall, Limited, 1958), p. 561. 
13 
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Fig. 1-The directivity characteristics 
of the ear dearly show the importance 
of binaural hearing. 
(From Hoefler, "Ready·for Stereo?," 
Radio-Electronics, October 1958, p. 36.) 
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James Moir goes into greater detail in explaining the 
mechanism of the stereophonic advantage. He finds the time 
difference to be an average of 0.63 milliseconds between the 
ears, when the sound source is on either side of the head. 1 
Naturally, when the source is equidistant from both ears, 
the time differential is zero. According to Galambos, the 
reference point used by the brain is the first positive max-
imum in the waveform of the sound. 2 
The intensity difference is further elaborated by Moir. 
The insertion of an obstacle into a progressive sound wave 
will produce, according to research, a sound "shadow" analo-
gous in all respects with the shadow thrown in a light beam. 
The sound wave is disturbed and bends round the obstacle; 
this effect of diffraction is common to all forms of wave 
motion. The sound pressure, or intensity in the near ear 
can exceed that in the far ear by as much as 16 db at 5,000 
cycles per second or even up to 30 db at 10,000 cycles. Dif-
ferences in energy spectrum are also claimed to provide an 
important secondary clue in detecting direction of sounds. 
This is shown by the fact that the frequency characteristic 
contains more high-frequency components at the near ear.3 
The frequency range being heard influences the amount 
1Ibid.' p. 563. 
2Ibid., pp. 563-564. 
3Ibid., p. 565. 
15 
of directional accuracy of tba ears. Klumpp and Eady, 1 and 
Zwislocki and Feldman, 2 indicate that the ear's angular ac-
curacy due to the time difference alone is roughly constant 
at about 1.5° below 1 kilocycle per second. Moir3 finds the 
just noticeable an~lar difference to be about 1.2° if the 
entire frequency range is used. If the speech frequencies 
are limited to the band below 500 cycles per second, it rises 
to 4°. The inclusion of frequencies below 3,000 cycles per 
second tends to confuse the brain, for the highest angular 
accuracy is obtained when reproducing sounds in the 3,000 to 
7,000 cps category only. However, this deduction from the 
results shows the need, according to Moir, for furt.te r exper-
imental confinna tion before being completely accepted. 4 
Research into binaural hearing ms not been entirely a 
recent development. Very early work on this function of 
hearing was done by Rayleigh. 5 Geiger and Scheele began the 
erroneous analogy to 3-D photography by comparing binaural 
audition to stereoscopic vision. 6 Bats have been a fruitful 
lKlumpp and Eady, "Measurements of Interaural Time 
Difference Thresholds," Journal of the Acoustical Society of 
America, September 1956, pp. 859-860. 
2zwislocki and Feldman, "Just Noticeable Differences in 
Dichotic Phase," Journal of the Acoustical Society of America, 
September 1956, pp. 860-864. 
3Moir, .QR• cit., p. 568. 
4Ibid. 
-
5Rayleigh, Sound, II, p. 440. Cited in Wood, £2• cit., 
p. 359. 
6aeiger and Scheele, Handbuck der Physik, p. 538. Cited 
in Wood,~· cit., p. 359. 
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source of information about binaural hearing. Recent obser-
vations of the Plecotus bat, who uses binaural cues to aid in 
locating the reflections of its high frequency sounds, have 
proved useful. The process used by the bat has been called 
"echolocation."1 
There is yet another sort of selection that binaural 
hearing makes possible. This is the separation of the prima-
ry sound source from the secondary sound source, or reverber-
ation. 
As an example let us consider a concert in a large hall. 
The performing group measures about 80 feet in width and 40 
feet in depth. From it emanates the primary sound. However, 
to this primary source we must add the reflected sound which 
we hear from the ceiling, back, _and sides of the hall, the 
nature of which is governed by the hall's acoustical charac-
teristics. The most important aspect of this secondary sound 
source is the element of ~ delay involved in its percep-
tion. In character this secondary sound may be simply decay 
of the primary sound or it may be an actual echo -- what audio 
engineers refer to as "slap-back." When a musical group per-
forms outdoors, especially ~thout the benefit of a reflecting 
band-shell, this secondary sound source will be virtually 
non-existent, which is the reason so many outdoor concerts 
seem lacking in brilliance and excitement compared to what 
1Donald R. Grif.fin, Listeninftain the Dark: The Acoustic 
Orientation of Bats and Men (Newven: Yale University 
Press, 1958), passim. 
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is heard in a fine cone ert hall. 1 
Limitations of Monophonic Sound 
When binaural hearing, or binaural reccrding, is not 
possible, reverberation presents many problems. The single 
recording microphone in a monophonic recording arrangement 
cannot differentiate between the primary and the secondary 
sound sources. As a result the microphone must receive all 
the sounds, original and reverberant , and reproduce them over 
one loudspeaker. When the recording area is too "live," it 
causes an annoying amount of reverberation on the resultant 
recording. It sounds as if someone had not only removed all 
the furniture in th. e room or ha 11, tu t had also made the 
2 
space considerably larger, so as to get more echo. With 
stereophonic recording, this emphasis of reverberant sound 
does not occur. In fact, some subjects actually require a 
longer reverberation rate than would seem natural to the 
ear.3 
The human hearing system simply cannot receive the 
necessary psychoacoustic cues and stimuli for natural listen-
ing from monophonic or single-channel sound. The naturalness 
of stereo, which provides these cues, causes a listener, un-
der perfect conditions, to eventually forget that he is 
1David Hall, "Stereo: Genuine and Simulated," Hi-Fi 
MUsic at Home, October 1957, p. 168. 
2crowhurst, 22· cit., pp. 7-8. 
3Moir, 2E· cit., p. 479. 
listening to recorded sound at all. 1 The problem of "listen-
ing fatigue" is overcome. This phenomenon is defined by 
Newitt as "A recognized psychoacoustic effect which eventu-
ally makes the listener either subconsciously dislike (and 
ignore) the music being played or (in more severe cases) com-
pels him to shut off the source."2 Stereophonic reproduction 
keeps the hearing system active continuously and reduces the 
fati~e effect.3 
System Definitions 
Now that we understand something of the stereophonic 
advantage in human hearing, perhaps it would be helpful to 
clearly define the various types of systems used in the re-
production of sound, for the writer will be using them often 
in following discussions. 
Harry F. Olson, an audio pioneer based at the Radio 
Corporation of America Laboratories, has recently defined 
the systems in use today. He prefaces his definitions with 
a description of the reproduction of sound. He says this is 
the process of picking up sound at one point and reproducing 
it either at the same point or at some other point, either at 
the same time or at some subsequent time. He defines the four 
1Robert Oakes Jordan and James Cunningham, "Industrial 
Uses for Stereo Sound," Tape Recording, October 1958, 
pp. 22-23. 
2John H. Ne~itt, Higp Fidelity Techniques (New York: 
Rinehart Books, Incorporated, 1953), p. 6. 
3Jordan and Cunningham, 2£• cit., p. 23. 
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SOUND REPRODUCTION SYSTEMS 
• 
• 
• • • Original sound sources 
r-, 
\ I y 
L __ 
Microphone ( s) 
Transducer 
r--
Figure 3 
• 
Telephone 
reciev'lr(s} 
MONAURAL 
• • Original sound sources 
Microphone(s) 
Transducer 
Loudspeaker( s) 
Fi- 5 ~ HONOPIIONIC 
(From Olson, "Sound Reproducing Systems," 
• 
• 
• • • Original sound sources 
Microphones 
recievers 
Figure 4 BINAURAL 
• • Original sound sources 
Microphones r- i , ... 
I 
I 
• 
Transducer 
r--'---, 
I I 
L---,--....1 
Transducer 
Figure 6 
I 
I 
_ _l_ 
!...r-c' 
I ' '--~ 
Loudspeakers 
S 'IEREOPHONIC 
udio, September 1958, p. 28. Simplified.) 
20 
systems in use today, which he says are continually confused 
with one another, even by noted engineers: 1 
MONAURAL: A monaural sound reproducing system is 
a closed circuit type of sound reproducing system in 
which one or more microphones are connected to a single 
transducing channe 1 which in "tll m is coupled to one or 
two telephone receivers worn by the listener. LSee Fig-
ure 3.J 
BINAURAL: A binaural sound reproducing system is 
a closed circuit type of sound reproducing system in 
which two microphones, used to pick up the original 
sound, are each connected to two independent corres-
ponding transducing channels which in turn are coupled 
to two independent corresponding telephone receivers 
worn by the listener. [See Figure 4;! 
MONOPHONIC: A monophonic sound reproducing system 
is a field type sound reproducing system in which one or 
more microphones, used to pick up the original sound, 
are coupled to a single transducing channel which in 
turn is co~led to one or more loudspeakers in repro-
due tion. L::3ee Figure 5.J 
STEREOPHONIC: A stereophonic sound reproducing 
system is a field type sound repro clueing system in which 
two or more microphones, used to pick up the original 
sound, are each coupled to a corresponding number of in-
dependent transducing channels which in turn are each 
coupled to a corresponding number of loudspeakers ar-
ranged in substanti~l ~eometrical correspondence to that 
of the microphones. LSee Figure 6.J 
The ideal system of the four is the second, which has 
been called also "true binaural." It requires the two micro-
phones to be placed in something which is acoustically the 
equivalent of the human head. The facial features -- nose, 
cheeks, and so on -- must be faithfully reproduced and the 
microphones must be placed in replicas of the outer ears. 
lHarry F. Olson, "Sound Reproducing Systems," Audio, 
September 1958, p. 28. 
2Ibid., p. 28. 
-
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Under these conditions the listener has the auditory sensa-
tion of being present in the exact location of the dummy 
microphone head. From a psychoacoustic point of view this is 
ideal, but the method unfortunately has two principle short-
1 comings. 
First, the human ear does not react the same way to 
sound originating from a pair of headphones as it does to 
sound coming from loudspeakers. The brain seems to receive 
the impression af the sound being "piped" to each ear instead 
of the ears being free to pick up sounds out of space. In 
addition to this, few persons can stand the discomfort of 
wearing headphones for mare than a short time. Of course, 
the problem for group listening is even more complex. 
The second major shortcoming of binaural audition arises 
from the fact ~hat the head of the dummy is in a fixed posi-
tion -- the microphones and the dummy head do not move the 
way the listener is free to move his head -- whereas if a 
person moves his head at all while listening binaurally the 
effect is that of the entire auditorium or hall 'With its 
performers rotating along with his head. This is unnatural, 
and the only way to avoid the strange effect is to keep the 
listener's head clamped in one position. 2 
The definitions of monaural and monophonic should cor-
~~~.,.,.t! H:lc- AJ:"-roneous use of the first term to apply to systems 
ly0ef'ler 1~ "Ready for Stereo?," 212.• ill.• , P • 3 7 • 
20rowhurst, ~· ~., p. 10. 
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using loudspeakers. A monaural sys tern may or may not have 
microphones closely spaced, but it must terminate in closely 
fitted headphones on the listener's ears to keep the closed 
circuit. The same applies to binaural, with, of course, the 
separate channels. More correct writers in the technical 
periodicals now use the word monophonic When referring to 
si~gle-channel systems terminating in loudspeakers. 
A monophonic system can be built to satisfy all the 
usual criteria, and could provide performance indistinguish-
able from the original -- 'tu t only if the sound source is a 
single person's voice coming from a prescribed position di-
rectly in front of the microphone. This deficiency is the 
result af the failure of the monophonic system to transmit 
indication of the position of sound with respect to the 
microphone. A system should transmit this position indica-
tion, because, as Moir points out, n ••• in comparatively 
recent years it has become apparent that our enjoyment and 
appreciation of both speech and ~usic is greatly influenced 
by the accuracy with which the spatial characteristics of the 
original oound source are transmitted. "l 
itS 
To clarify our semantics, the word stereophonic has as 
roots the ancient Greek wards stereo (solid) and phone 
laound). Jlrbe word itself, then, is an adjective meaning in 
. '' 2 
essence,.;: •having to do with solid (three-dimensional) sound." 
p. 553. 
Then and Now," Radio-
• 
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"Ideal" and Practical Stereophony 
The original idea for stereophonic reproduction suggested 
a whole line of microphones arranged along one wall of a stu-
dio or hall where the orchestra cr other group performs, and 
to correspond to it, a similar line of loudspeakers to be 
placed all along one wall of the listening room. Each sepa-
rate loudspeaker would relay the channel of sound picked up 
by its corresponding microphone. The result of this "elec-
tronic orchestra" was that the exact form of the sound wave 
reaching the wall of microphones was reproduced in the listen-
ing room. Considerable improvements were noted in this ideal-
ized system, which endeavored to "remove" the double wall 
between the studio and listening room.l 
While this plan might be feasible far a violin sonata 
or a trio, it would certainly get out of hand economically 
when reproducing a symphony -- we certainly cannot have a 
separate channel for each instrument of the orchestra! 2 How-
ever, the principle can be scaled down to a practical size. 
We might get down to the seven separate channels of Cinerama 
sound tracks, the five of CinemaScope, or the three of Fanta-
sound.3 It was found by some engineers that three microphones, 
feeding three separate channels ultimately into three loud-
lcrowhurst, Ql2.• cit. , pp. 34-3 5. 
2Charles Tepfer, "Stereo in the Home," Hi-Fi Guide and 
Yearbook, 1959, p. 135. 
3Hoefl~, .QE.• ill._., p. 37. 
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speakers, gave an optimum degree of realism -- one that was 
not appreciably improved by adding more channels -- while 
using only two channels gave a realism much better than ob-
tained with just a single microphone·and loudspeaker, (monp-
phonic), but noticeably below the standard achieved by the 
three-channel system. 1 
Newitt thinks the three-channel system impractical for 
the home because of complexity and expense. His three recom-
mendations are as follows: 
1. No more than two channels are necessary or de-
sirable for a home-type o£ stereophonic system. 
2. A separate v~lume-expansion track is not neces-
sary or advantageous. 
3. Placement of the speakers in the reception oom 
is important and the spacing of such speakers should 
simulate the effect of the original microphone spaciJg.3 
Recordings made binaurally sound extremely bad when 
played back through stereophonic reproducing systems. Th s 
is especially true for those listeners sitting some dista~ce 
from the center line between the speakers. As one moves )Ut 
of the central position the effect of the performance soop 
becomes that of two monophonic systems transmitting no impres-
sion of size or source position.4 
lcrowhurst, .QE.• cit. , p. 34. 
2
Infra "'· 
3Newitt, .QE.• cit., p. 138. 
4Moir, .QE.• ~., p. 557. 
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The pick-up end must be changed to remedy this situa-
tion. The microphones must be placed out toward the limits of 
stage action, with the speakers mounted roughly the same way. 
Now a new problem creeps in. While this increases the stere-
ophonic area, it results in a marked recession of the center 
of the stage, making actors walking a straight line in front 
of the speakers appear to follow a concave path, as in the 
area between their distance from the microphones is greater. 
To bring the center of the stage into its proper position, 
we must return to three channels, which reproduce size and 
position satisfactorily over 90 to 95% of the floor area.l 
Steinberg and Snow at the Bell Telephone Laboratories 
studied the limitations of two-channel stereophonic systems 
as compared to three-channel systems with a caller taking 
nine different positions in front of microphones in a room 
while the speakers in a small auditorium played the sound to , 
an audience which tried to indicate by checking a card the 
apparent position of the caller. Two-channel reproduction 
decreased the accuracy of localization considerably. Never-
theless, the researchers said a two-channel system may be 
acceptable for domestic use where the listeners don't stray 
far away from the center line of the speakers. 2 
One large difference between binaural and stereophonic 
reproduction is pointed out by Moir. Binaural electrically 
1~., p. 558. 
2Ibid., p. 559. 
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translates the listener to the position of the audience in 
the hall or studio. Stereophonic, however, "samples" the 
sound field existing at the microphone plane and then repro-
duces it in the living room. The brain appears able to re-
construct the acoustic scene from a fraction of the total 
information that would at first seem necessary. This is 
shown by the poor localization by the ear in certain areas. 
Localization by ear in the vertical plane is so poor that a 
25° displacement of sound source from visual image is not 
noticed, while only 10° angular error of sound in a horizon-
tal plane was noticed. 1 
The matter of intensity of sound was mentioned only 
briefly earlier in this chapter. 2 Experiments conducted by 
Somerville in England and Chinn in the United States showed 
that a large orchestra playing at full volume could not be 
stood by listeners to a high-quality monophonic system. 
People preferred much lower maximum levels since the single 
channel prevented them from "listening away" when the sounds 
were too penetrating. The annoyance is understandable when 
one considers that the orchestra, measuring perhaps 100 by 
30 feet, was being condensed in all its spread of sound into 
a single 8 or 10-inch diameter hole.3 
libid., pp. 558-559. 
2 Supra, pp. 9, 15. 
3Moir, ~· cit., pp. 555-556. 
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None of the binaural or stereophonic systems are able, 
even in theory, to achieve perfection of their objectives 
when more closely examined. It is apparent that the really 
important thing is to produce a good illusion of realism, 
though in order to do it we may have to use what some whim-
sical engineers have dubbed a "bistereonauralphonic" system, 
something which is a bit of each, or nothing at all, accard-
ing to the "classic" theory. 1 
The advantages are great even when other true-fidelity 
criteria suffer at the hands of the stereophonic effect. 
J. P. Maxfield of Bell Telephone Laboratories has said, "I 
would rather hear a two-channel system reproduction good to 
6,000 cycles per second than single-channel reproduction flat 
to 15,000 cycles per second; it is more pleasing, more real-
istic and more dramatic.n2 
To conclude, let us sum up the advantages of stereo-
phonic reproduction: 
1. Increase in clarity. 
2. Reduction of blurring. 
J. Increased enjoyment from movement of sound source. 
4. Increased naturalness of performance.J 
lcrowhurst, 2£• £11., p. 45. 
2Moir, 2£• cit., p. 556. 
3Thid. 
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CHAPTER II 
EARLY DEVELOP~lliNTS IN STEREOPHONIC SOUND 
Ader' s Experiment 
The idea of stereophonic reproduction is not new. It is 
actually only about five years younger than the invention of 
the telephone. On August 30, 1881, the German Imperial Pat-
ent Office granted a patent to the Parisian engineer, Clement 
Ader, covering "Improvements of Telephone Equipments for 
Theatres." This patent gave full details for a method of 
direct transmission of opera, plays, and other productions 
from the stage to the telephone subscriber. A number of 
European telephone companies provided at this time special 
service connections to important music and opera halls. 
These lines were permanently connected direct to the sub-
scriber.1 To quote Ader's patent: 
The transmitters are distributed in two groups on 
the stage, a left and a right one. The subscriber has 
likewise two receivers, one of them connected to the 
right group of microphones and the other to the left. 
Thus, the listener is able to follow the variations in 
intensity and intonation corresponding to the movements 
of the actors on the stage. This double listening to 
sound, received and transmitted by two different sets 
of apparatus, produces the same effe~ts on the ear that 
the stereoscope produces on the eye. 
lLudwig Kapeller, "Radio Stereophony," Radio News, 
October 1925, p. 416. 
2Ibid. English translation from patent. 
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Ader's device received notable attention When it was 
used at the 1881 Paris Exposition to "broadcast" presenta-
tions from the stage of the Paris Opera. 1 We may be sure 
that Ader was completely aware of what he was doing and did 
not hit upon his arrangement merely by chance. This fact is 
substantiated by the patent drawings. 2 
From Ader, the invention's life leads to another inven-
tor named Ohnesorge, who installed similar apparatus in the 
music hall of the Crown Prince's palace (evidently the Crown 
Prince of Prussia). In a European magazine, The Experimenter, 
Manfred von Ardenne wrote on the subject, and later a commer-
cial venture called "Steidel's Stereophony" also made its 
appearance.3 
Most of the textbooks on sound written during this time 
ignore the refinements of binaural audition. The next men-
tion of stereophony came during the First World War, when the 
theory was put to grim practical use in the construction of 
various instruments of war. Binaural receiving trumpets were 
used to locate enemy airplanes. The large horns, a sort ar 
overgrown version of the Victrola's "Morning Glory Horn," 
were supported on moveable stands. The small ends of the 
trumpets were connected with rubber tubing to the operator's 
two ears. His hearing was thereby extended greatly in its 
lHerbert Reid, "History in a Hurry," Hi-Fi & MUsic 
Review, October 1958, p. 66. 
2Kapeller, 2£• cit., 416. 
3cited in Kapeller, p. 416. Periodical not available. 
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directional sensitivity.1 A device operating in much the 
same manner and called a geophone, was used to determine the 
direction of sound underground. This proved useful in loca-
ting enemy trenching and mining operations. 2 To jump ahead 
to World War Two, the use of stereophonic sound in the under-
water detection of submarines, which had been pioneered in 
the First World War, became an important aid to the Navy. 
Stereo Broadcasting in the 1920's 
In a March 1924 journal, engineers Harvey Fletcher and 
W. H. Martin had some prophetic things to say about stereo-
phony: 
In considering the pick-up of material for broad-
casting it should be noted • • • that it corresponds to 
listening with one ear, that is, the binaural sense of 
direction which is normally obtained in hearing the 
sounds directly, is lacking. With binaural audition, it 
is possible to concentrate on one sound source and to 
disregard somewhat the effect of other sounds coming 
from different directions or distances. Because of the 
monaural character of broadcasting it is necessary, 
therefore, to go even further in reducing noises and re-
verberation at the transmitter than would be the case for 
an observer using two ears at the same location •••• 
In broadcasting • • • Those who make use of the sys-
tem are • • • becoming more critical of the service 
which it renders and the quality of reproduction will be 
of increasing importance in the future.3 
The following year Kapeller made a considerable improve-
ment upon the Ader system. He called the stereophonic effect 
lAlbert B. Wood, A Textbook of Sound, (New York: 
Macmillan Company, 1930), p. 415. 
2Ibid. 
3w. H. lviartin and Harvey Fletcher, "High Quality Trans-
mission and Reproduction of Speech and Music," Journal of the 
~~March 1924, pp. 233, 238. 
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"plastic tone repiUduction," explaining: 
Suppose we place two microphones in front of a 
sound-producer and at distances from each other corres-
ponding to the distance between the human ears. Re-
ceivers connected to this system of microphone will give 
a "plastic" impression. This procedure is called Stere-
ophony.! 
In his instalJa tion at the Berlin Opera House, Kapeller 
placed six microphones at the edge of the stage in this or-
der: A A, B B, C C. Three of these, the first A, B and C, 
were connected to one pair c£ wires, and the other three, the 
second A, Band C, were connected to the other pair of wires. 
From each pair of wires cable led to the receivers, where one 
supplied the receiver on the left ear, and the other supplied 
the receiver on the right ear. According to the inventor: 
Whoever has an opportunity to hear this stereo-
phonic transmission is surprised by the effect. The 
sound seems much fuller and sharper in every detail. 
The different voices of a chorous become notably more 
distinguishable from each other and from the orchestra. 2 
One of the difficulties of the system was that it was 
impossible to furnish every hearer two separate cables to his 
home. Kapeller saw the possibility of improving radio serv-
ice by stereophony. He found the difficulties of the process 
numerous but not insurmountable. He cited the Berlin broad-
casting station as an example, for they had already been 
broadcasting stereophonically on waves of 430 and 505 
meters) 
lKapeller, 
2 . Ibid., p. 
3Ibid. 
.Q.E.. cit • , p • 54 5 • 
546. 
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An American radio station was experimenting in stereo-
phonic broadcasting at this time also. F. M. Doolittle des-
cribes the work, which took place in 1925: 
Considering the fidelity with which the present 
broadcasting apparatus transmits the frequencies em-
ployed in music, it may not appear reasonable to expect 
that any marked improvement is either necessary or pos-
sible. L5icl7 Certain factors besides tone values must, 
however, be taken into consideration. The phonograph 
and the radio loudspeaker have educated the ear to be-
lieve that a close approxina tion to true tone values is 
really all that can be expected, and hence the listener 
does not expect an exact reproduction. Reproduction, 
using the word in its strict sense, would, of course, 
mean a rendition so nearly identical with the original 
that one would be unable to tell, without bringing into 
play other faculties than that of hearing, whether or 
not he is present at and listening to the original per-
fonnance. A close approximation to such repro~uction is 
possible with the method here to be described. 
The station was WPAJ, installed at New Haven, Connecti-
cut. Since it was already broadcasting on 268 meters (1320 
kilocycles), an additional wave length assignment of 227 
meters (1110 kilocycles) was secured in order that binaural 
transmission migpt be possible. Duplicate transmitters were 
installed. Two standard broadcast microphones of the time 
were connected, one to each channel, with a seven-inch separa-
tion between their centers. The transmission was not im-
paired for ordinary reception since the same program was 
heard on each wave length. If binaural listening equipment 
was used, the naturalness of reproduction was reportedly 
startling. Headphones were found to be essential, since 
lF. M. Doolittle, HBinaural Broadcasting," Electrical 
World, April 25, 1925, p. 867. 
33 
loudspeakers mixed up the sound from the two separate channels 
and impaired the effect. Although little publicity resulted 
from the project, Doolittle says that a number of experiment-
ers were told how to install equipment for binaural reception. 
He found the new listeners were, without exception, enthusi-
astic in their acceptance of the new method of broadcasting.! 
An amazing description of a multiplexing system, which 
had not been used for stereophonic broadcasting until 1958, 
is found in this 1925 article: 
There are other methods which it would be possible 
to use, for example, the double modulation of the carrier 
at two superaudible frequencies with audio-frequency 
variations applied to the modulation frequencies. This 
method would have the advantage that but one wave band 
would be necessary in the broadcasting spectrum, although, 
on account of the considerable difference in side-band 
and carrier frequencies, greater width than usual would 
be required. With such a scheme one tuning adjustment 
would suffice for tuning in various stations. • • • For 
immediate adoption this scheme is not, however, particu-
larly adapted, since the ordinary type of receiver would 
receive inarticulate sounds ••• For the present, there-
fore, a method is being employed which does not inter-
fere with ordinary reception.2 
Doolittle used a single antenna to radiate the two waves. 
He said it was possible to operate the receivers from a single 
antenna also. The major difference was the use of two tuning 
adjustments and two detectors instead of just one of each. 
Further experimentation showed interesting effects. If the 
microphones were placed six or seven inches apart, a normal 
libid., p. 868. 
2Ibid • 
........... 
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impression of the size of the studio and location of perform-
ers was gained. If the microphones were moved farther apart, 
an impression of greater depth was obtained and the perform-
ers seemed to recede. However, if the microphones were moved 
still fartl'e r apart, the binaural impression became very 
vague and was eventually lost altogether.! 
Binaural transmission also produces an apparent in-
crease in volume. If switching arrangements are pro-
vided so that the headset may be quickly shifted from 
the usual or monaural reception to binaural reception, 
sounds which are heard will appear to jump to their re-
spective locations in three dimEnsions, and simultane-
ously there occurs an increase in volume • • • it is not 
difficult to imagine that an interference effect of some 
kind is produced by subjection to abnormal phase rela-
tions.z 
Doolittle also discovered some of the advantages that 
stereocasting provided the performers. He described the many 
different phase relations that exist in a complex musical 
performance, some direct and some reflected. In monaural 
broadcasting, the reflected sounds create unpleasant hollow 
effects and the studio must be draped to prevent reflections. 
The resultant deadness confuses the performers. With binaural 
broadcasting, the reflected sounds convey an impression of the 
general surroundings. It is then unnecessary to provide damp-
ing and the performers lik~ the more natural room tone, find-
ing it much easier to perform.3 
!Ibid., 
-
p. 869. 
2rbid., p. 870. 
3rbid. 
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A few American radio stations conducted experimental 
two-channel broadcasts at this time. Radio was in its in-
fancy and not many people owned the two sets necessary for 
listening to stereocasts. So the pioneering work of WPAJ was 
almost forgotten and stereophonic broadcasting lay dormant for 
many years. 1 
The Early 1930's -- Blumlein and Fletcher 
Notice of more activity is found in the recording field. 
Audio engineers recognized that simultaneous two-channel re-
cordings were essential to realistic sound reproduction. In 
1930, A. D. Blumlein, a designer employed by Electrical and 
Musical Industries, Limited, demonstrated a complete two-
channel stereophonic system which included a single-groove 
disc recording of the two-channel signal. The following year 
Blumlein filed and received British patent No. 394,325 on his 
system,2 which forms the basis for the present EMI "Stereo-
sonic" recording system. This system employed a microphone 
placement designed to eliminate time and phase differences, 
but to accentuate amplitude and energy spectrum differences. 
The two microphones are mounted as close together as possible 
and angled out toward left and right sides of the performing 
group. The coded "sum and difference" method can then be 
1Louis E. Garner, Jr.+- "Stereo Then and Now," Radio-
Electronics, March 1959, p. 53. 
2Jerry B. Minter, "Stereo Disc Recording Methods," 
Radio-TV News, October 1958, p. 66. 
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applied in the transmission of the two channe1s.l 
During 1932, Blum1ein perfected his recording system, 
and worked out two alternate methods of cutting the discs. 
One used the vertical-lateral method one signal being re-
recorded by vertical stylus motion and the other by lateral 
motion -- and the other used the 45/45 system, employed for 
modern-day stereo discs. Either method could use the "sum 
and difference" process. Records were made by both methods, 
"1 
at 78 rpm, and satisfactory stereo reproduction was achieved.~ 
In the winter of 1932, "Oscar," a tailor's dummy with 
"live" ears, took up res:idence in the American Academy of 
Music in Philadelphia. Just in front of his wooden ears, 
sensitive microphones were set in his cheekbones. He was 
used for testing sound reproduction with the aid of Leopold 
Stokowski and the Bell Telephone Laboratories. Oscar dupli-
cated the conditions of normal hearing as closely as possible, 
not only by modifying the sound field near the tvm microphone~ 
just as human features modify sound, lut also by supporting 
the microphones the same distance apart as human ears.3 
Harvey Fletcher of the Bell Laboratories classified the 
lrbid., p. 53; Also Ivioir, .£2.• ill_., p. 570; Infra p. I'll.. 
2H. A. M. Clark, "Stereophony on Disc," Engineering, 
April 4, 1958, p. 448. 
3Harvey Fletcl:er, "An Acoustic Illusion Telephonically 
Achieved," Bell Laboratories Record, June 1933, p. 28. 
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types of transmission in a somewhat different manner than 
RCA's Olson had done. The four types consisted of first the 
afore-mentioned monaural and binaural. When more than one 
receiver reproduced sound from a single-channel pick-up, the 
transmission was classed as "diotic." Vihen there was also 
more than one microphone pick-up, but.the signal was still 
transmitted from pick-up to reproduction over a single chan-
nel, the transmission was called "mixed." 
The advantage of using Oscar vias shm-;n to be confined to 
cases '\r:here the source of sound \'las near the microphones. The 
public visiting the American Academy of I•1usic was asked to 
note preferences between full range monaural sound and limited 
range binaural sound through Oscar. They all preferred bin-
aural reproduction even when all fre~uencies above 2800 cycles 
per second were cut off by a filter. After his tenure at the 
Academy, Oscar was installed at the Century of Progress Exhi-
bition in Chic ago, where he continued to amaze vi si tore , 1 
The 1934 Bell Experiment 
The work with Oscar laid the foundation for the most 
successful and most highly publicized stereophonic experiment 
up to this time. According to a Bell Laboratories spokesman: 
" • • • telephonic research has laid a foundation for what may 
be one of the greatest advances in musical aesthetics of the 
present scientific era.nl 
The experiment's high point took place on April 27, 1933, 
and consisted of a stereophonic transmission by telephone 
lines of a performance given by the Philadelphia Orchestra in 
Philadelphia, to Washington D. c. The demonstration was pre-
ceeded by an earlier one on April 12 when the signal was car-
ried only as far as another room in the Academy building in 
Philadelphia. The demonstrations were attended by many guests 
from the fields of science and music. 2 
In a 1934 symposium on stereophony, then called "auditory 
perspective" by the Bell engineers, Harvey Fletcher explained 
some of the reasons that correct auditory perspective is 
needed for maximum fidelity. He described the continually 
changing vibrations produced in the air of a hall when an or-
chestra is playing: 
An ideal transmission and reproducing system may be 
considered as one that produces a similar set of vibra-
tions in a distant hall in which is executed the same 
time-sequence of changes that takes place in the original 
hall. Since such changes are different at different po-
sitions in the hall, the use of an ideal system implies 
that at corresponding positions in the two halls this 
time sequence should be the same. Obviously, this never 
can be true at every position unless the halls are the 
same size and shape; corresponding positions would not 
otherwise exist.3 
l"The Reproduction of Orchestral Music in Auditory 
~erspective," Bell Laboratories Record, May 1933, p. 259. 
2Ernest La Prade, Broadcasting Music (New York: Rhine-
hardt and Company, Inc., 1947), p. 24. 
3Harvey Fletcher, "Auditory Perspective-- Basic Require-
ments," Electrical Eng:iatte,rJ.;;i!' January 1934, p. 9. 
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If both halls could be the same size and shape, the pro-
blem would be to obtain such perfect reproduction that any 
listener in any part of the second hall would receive the 
same sound effects as if he were in a corresponding position 
in the first hall. Fletcher went on to de3cribe the perfect 
transmission line. It should deliver to the loudspeaker elec-
trical energy equal both in form and magnitude to that which 
it receives from the microphone. He then considered the 
afore-mentioned "electronic orchestra," with an infinite num-
ber of microphones and speakers. He said only a few channels 
are really needed to give depth and a sense of extensiveness 
to the source of the musie. 1 
Fletcher stressed the importance of knowing how far from 
the ideal requirements one may go before the listener will be 
aware that there has been any degradation from the ideal. He 
considered good transient response as important. (The fre-
quency band needed to transmit faithfully whenever a sound is 
suddenly stopped or started is infinitely wide.) The range 
of frequencies should be determined, according to Fletcher, 
by the range of human hearing rather than by the kind of 
sound being reproduced.2 
The system used in the Bell experiment fulfilled all of 
Fletcher's requirements for proper auditory perspective. The 
demonstration was given, on the receiving end, at Constitution 
libid., pp. 9, 10. 
-
2Ibid., p. 10. 
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Hall in Washington D. c., under the auspices of the National 
Academy of Sciences. Dr. Leopold Stokowski, long-time cham-
pion of advanced sound reproduction techniques, controlled 
the Philadelphia Orchestra electronically by manipulating 
three controls in a box at the rear of Constitution Hall 
while Associate Conductor Alexander Smallens actually con-
ducted the orchestra in the Academy of Music in Philadelphia. 
Three microphones were placed before the orchestra, one on 
each side and one on the center line at about 20 feet in 
front of and 10 feet above the first row of instruments in 
the orchestra.1 
These microphones were moving-coil directional type. 
The frequency response dropped off as the sound moved toward 
a greater angle of incidence from the microphones. In gen-
eral, this was not considered desirable, but in the Bell ex-
periment, the sounds observed as coming from each loudspeaker 
were mainly those which were picked up directly in front of 
each microphone; sound waves incident at a large angle did 
not matter much. At some times, the sound delivered by the 
orchestra was extremely low, and the stereophonic effect 
falls off as audibility becomes difficult, so the microphones 
had to be of great sensitivity.2 
lrbid., p. 11. 
2E. C. Wente and A. L. Thuras, "Auditory Perspective 
Loud Speakers and Microphones," Electrical Engineering, 
January 1934, p. 24. 
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The electrical vibrations from the microphones were amp-
lified by voltage amplifiers and then fed into a transmission 
line which was extended to Washington by means of telephone 
cable. There were some amazing similarities between this 
demonstration and the one at the Paris Exposition 52 years 
earlier.l The Paris group wanted to give the on-stage or-
chestral forces the "character of relief and localization"2 
in the same way the Bell engineers did. Of course the main 
problem of the Paris experiment was that audio amplifiers 
had not yet been invented. That invention waited upon the 
creation of the Audion tube of De Forest. Therefore no loud-
speakers were possible. With the headphones used, it was 
necessary to generate only enough sound of audible intensity 
to fill a volume of space enclosed between the head receiver 
and the human ears.3 
The transmission lines used in the Bell experiments had 
to be so perfect in their characteristics that reproduction 
100 or 200 miles away would not suffer in comparison with 
reproduction 100 or 200 feet away. Affel, Chesnut, and Mills 
described some of the distortion found in telephone lines, 
such as noise, crosstalk, and frequency-amplitude distortion. 
Ordinary telephone lines do not exceed 200 to 3,000 cps in 
frequency response, and most AM radio, even at present writ-
lsupra p.l. ,. 
2 Ibid. , p. 17. 
3rbid. 
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ing, covers only 100 to 5,000 cps. These lines had to trans-
mit at least 40 to 15,000 cps. It is easy to see the diffi-
culty of the undertaking. Additional amplifiers manned by 
engineers along the line between the two cities kept the out-
put constant along the entire length. 1 
The output of the three lines was fed into special 120 
watt audio amplifiers and then into the three sets of loud-
speakers. They were placed in posi. tion on the stage of Con-
stitution Hall according to the microphone placements in the 
hall of the Academy of MUsic in Philadelphia. Maestro 
Stokowski had one control far each channel, to blend accord-
ing to his wishes. Fletcher's conclusion wasa 
Judging from the expression of thos~ who heard this 
concert, the development of this system has opened many 
new possibilities for the reproduction and transmission 
of music that will create even greater emotional appeal 
than that obtained when listening to the music coming 
directly from the orchestra through the air.Z 
Two more Bell engineers, Bedell and Kerney, described 
in the symposium some of.the problems in adapting the system 
to various acoustic environments. It must be remembered that 
these ranarks apply only to large auditorium or theatre .. type 
stereophonic s)lStems. ··The engineers found that the system: 
••• must be designed properly with respect to the 
acoustics of the pick-up auditorium and the concert hall 
involved. The reverberation times and sound distribution 
1H. A. Affel, R. w. Chesnut, and R. H. Mills, "Auditory 
Perspective-- Transmission Lines," Electrical Engineering, 
January 1934, p. 28. 
2Fletcher, "An Acoustic Illusion Telephonically 
.AchievedJ" £E.• cit., p. 11. 
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in the two auditoriums, and the location of the micro-
phones and loudspeakers, and the response-frequency cal-
ibration of the system and its equalization are con-
sidered.l 
The acoustics of the halls are important because the 
sound reaching the listener may be as much as 90% reflected 
from the various room surfaces. When listening to reproduced 
sound in a concert hall, the acoustics are even more impor-
tant because the audience doesn't see anyone on the stage and 
is forced to rely entirely upon the auditory effect to create 
the illusi.onof stage presence. 
In some types of presentation, such as radio broadcasts, 
where the reproduction normally takes place in a small room, 
the attempt is made to create the illusion that the listener 
is present at the source. In the case of the auditorium sys-
tem, however, the ideal is to create the illusion that the 
entire orchestra is present on the stage of the auditorium in 
front of the audience. Since the orchestra is playing in one 
large room and the music is heard in another, the acoustical 
conditions prevailing in both spaces have to be considered. 
The auditorium of the Academy of Music had a volume of 
700,000 cubic feet and a capacity of 3,000 seats. Constitu-
tion Hall was slightly larger. 2 
The microphone positions, selected only after careful 
judgement tests using several locations, were much nearer to 
lE. H .. _ Bedell and !den Kerney, "Auditory Perspective 
System Adaptation," Electrical Engineering, January 1934, 
p. 216. 
2Ibid., p. 217. 
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the orchestra than they would have been for single-channel 
pick-up. A high ratio of direct sound to reverberant sound 
reduced the effect of reverberation in the source room upon 
the reproduced music. This high ratio was needed with the 
three-channel system because the perspective effect was de-
pendent on the relative intensity at the three microphones. 
The change in intensity with increasing distance from the 
source is marked for direct sound only, so there would be a 
loss of perspective effect if the microphones were placed 
farther back.l 
The application of acoustic perspective to orches-
tral reproduction in large auditoriums gives more satis-
factory performance than probably would be suggested by 
the foregoing discussions. The instruments near the 
front are localized by everyone near their correct posi-
tions. In the ordinary orchestral arrangement, the rear 
instruments will be displaced in the reproduction depend-
.ing upon the listener's position, but the important as-
pect is that every auditor hears differing sounds from 
differing places on the stage and is not particularly 
critical of the exact apparent positions of the sounds 
so long as he receives a spatial impression. Conse-
quently two-channel reproduction of orchestral music 
gives good satisfaction ani the difference between it 
and three-channel reproduction for music probably is less 
than for speech reproduction or the reproduction of 
sounds from moving sources.2 
The six papers making up the symposium were presented as 
part of the winter convention in New York City of the Ameri-
can Institute of Electrical Engineers, on January 24, 1934. 
Harvey Fletcher was in charge of the demonstration given at 
lrbid. 
2J. C. Steinberg and W. B. Snow, "Auditory Perspective 
Physical Factcr s," Electrical Engineering, .January 1934, 
p. 17. 
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that time in the auditorium of the Engineering Societies 
Building at 29 West 39th Street. He illustrated the charac-
ter and range of effects that could be produced \rlth the sys-
tem. It was also briefly reported to the National Academy of 
Sciences in April 1933 in a paper by Dr. F. B. Jewett, vice-
president of American Telephone and Telegraph Company and 
.president of the Bell Telephone Laboratories. 1 
In a recent pro and con discussion of stereo, Fritz A. 
Kuttner, a noted musicologist and electro-acoustician, made 
some disparaging remarks about the Bell experiments: 
In the middle of the Nineteen Thirties, after many 
years of thorough and successful experimentation, the 
scientists of the Bell Laboratories bad abandoned the 
stereo idea as having too little musical value and aes-
thetical potential. Apart from a fevi sporadic reappear-
ances, stereo remained dormant until about 1954, when 
manufacturers of loudspeakers and pre-recorded tape re-
vived the principle, obviously for purely co~~ercial 
reasons, because at that time nobody had any experience 
with the medium beyond what2the Bell scientists had found twenty years earlier. 
Donald J. Plunkett, President of the Audio Engineering 
Society, answered these accusations by saying that Kuttner 
had his information just turned around. The Bell demonstra-
tions, for example, the one with "Oscar," showed that listen-
ers liked stereo much better than monaural reproduction. 
Stereo stayed dormant in the pre-war period, according to 
1
"News of Institute and Related Activities," Electrical 
Engineering, January 1934, p. 17. 
2Fritz A. Kuttner and Donald J. Plunkett, "The Two Sides 
of the Stereophonic Disc," New York Times, Sunday, March 15, 
1959, Section M, p. 1. 
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~ Plunkett, because the phonograph indUstry was financially weak 
due to the advance of radio aad the depression. It was the 
belief of Blumlein and his as so cia tes that stereo, if it could 
be commercialized, would greatly enhance the effectiveness of 
reproduced sound.l 
Developments Following the Bell Experiment 
Stereo was by no means dead during these 25 years. Eng-
lish and American companies continued to experiment actively. 2 
Leopold Stokowski continued his work in music and sound re-
production with his article "New Vistas in Radio" in 1935.3 
He proposed double circuits for auditory perspective which 
would correspond to our two ears. He saw the Bell demonstra-
~ tion as an argument for wired radio. This would solve all 
the problems of space radio (regular broadcasts) -- such as 
the restricted range, static and fading. He found that: 
It is an amazing thing that this possibility has 
existed now for two years and that no use has been made 
of it ••• Through it, by a selective process, it is 
possible so to enrich certain parts of the tapestry of 
sound, bringing them out in relief, that the three-
dimensional character of the music is greatly emphasized~ 
Stokowski continued with some rather fantastic sugges-
tions for giant "recreation centers" of parks and gardens 
libid., pp. 1, 9. 
2,!lli., p. 9. 
3supra p. 3. 
4Leopold Stokowski, "New Vistas in Radio," Atlantic 
Monthly, January 1935, pp. 2, 6-7. 
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featuring stereophonic concerts, both indoors and out. The 
outdoor installations ~uld utilize high towers with speakers 
mounted so as to focus the sound in certain areas; those not 
wishing to listen to the music or wanting other sorts of mu-
sic would be able to remain close by and not be bothered. 1 
In 1936, Bell engineers Rafuse and Keller patented a 
vertical-lateral cutter for stereophonic discs that could 
also cut today's 45/45-type discs. The U.S. patent was No. 
2 2,114,471. The next year brought another development from 
the Bell Laboratories as they demonstrated the first stereo-
phonic tape recorder at the World's Fair. The machine used 
steel tape, as did most of the early tape recorders.J By the 
time of the 1939 Fair, the machine had been improved with the 
use of the distortion-cutting AC-bias, the first known use of 
the device in tape recording.4 
The stereophonic sound film was first seen by a large 
number of Americans in 1941. The "entirely new type of mo-
tion picture sound" accompanied Walt Disney's film "Fantasia,' 
and once again Leopold Stokowski worked on the project. The 
process, and the developments in the motion picture industry 
leading up to it and following it will be discussed in 
lrbid., p. 15. 
2Minter, 2£• cit., p. 66. 
3"Chronology of :rt1a.gnetic Recording," Tape Recording, 
February 1958, p. 26. 
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THE DE BOER STEREOPHONIC DISC SYSTEM 
Top view 
Figure 7 
Figure 8 
(From Electronics, Vol. 14, April 1941, p. 102,) 
Chapter III. 1 
A system of stereophonic disc recording with convention-
al 78 rpm records was introduced by a Dutch engineer, De Boer 
in 1940. Two grooves were cut on the record, one modulated 
by each of the two channels. One groove occupied the outer 
portion of the disc, while the other occupied the smaller di-
ameter inner portion. (See Figure 7.) This caused some dif-
ficulty because of the use of grooves of different radii. 
The author offered solutions as follows: 
The recording cutters were mounted on a shaft in a 
straight line along the radius of the disc, while the play-
back arms were not straight. The two pickup heads were 
fastened to the end af a rotating arm and thus described an 
arc on the disc. (See Figure 8.) De Boer also considered 
the problems of placing the stylii in the proper grooves, and 
the effects of eccentricity of the record axis on the result-
ant sound. 2 
Post-War Developments 
The Germans did not limit their well-known pioneering 
in magnetic tape recording to single-channel reproduction. 
Work during the war re&ulted in a paper published only a few 
lJoel Tall, Techniques of ~~gnetic Recording (New York: 
Macmillan Company, 1958), p. 17. 
2"Fantasound for Disney PictUI'." e," Science Digest, Janu-
ary 1941, pp. 92-93. 
3K. De Boer, "Stereophonic Recording with Conventional 
Disk Records," Electronics, April 1941, pp. 101-102. 
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months after peace, titled "Stereophony.nl The German high-
fidelity stereophonic film system, called the "Stereophon," 
had three channels, a frequency range of 23 to 10,000 cps, 
and a dynamic range of 60 decibels. The sound track was only 
2.65 millimeters wide. In appearance the system resembled 
regular motion picture sound film units. It used Kerr photo-
electric cells and a method of polarizing the light falling 
on the sensitized film in such a way as to transmit the in-
formation from the three channels. 2 
In 1946 in the United States, stereophonic sound rein-
forcemen~ was bringing new sound quality to outdoor operetta 
presentations.3 Electrical and Musical Industries in England 
was engaged in a major study of stereo, both at the fundamen-
tal level and in practical form with magnetic tape, extending 
the work of Blumlein already described.4 English Decca, in 
collaboration with the German Telefunken Company, continued 
to work on stereophonic disc recording.5 
lnstereophony," Klangfilm G.M.B.H., Halstead. Exploit-
ing Center Report 10333 PB 30962, 3 mimeographed pages, re-
leased by the Office of Technical Services, Departn:e nt of 
Commerce, Washington1l).C, 
2Report PB 338, Office of Technical Services, Department 
of Commerce, Washington,D. C. Cited in "Sound Recording Sys-
tems," Mechanical Engineering, July 1947, p. 604. 
3A. W. Colledge, "Stereophonic Sound Reinforcement," 
Western Electric Oscillator, July 1946, pp. 40-41. 
4supra p. 36. 
5tuttner and Plunkett,~·~., p. 10. 
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The Cook Stereo Disc 
It was the great post-war refinement of record playback 
equipment, including the vinyl plastic long-play record with 
its quiet surface and light tracking force, that brought the 
state of the art closer to practical stereophonic discs for 
the home. 1 The person to make the first step was audio engi-
neer Emory Cook of Stamford, Connecticut. Drawing freely and 
without credit on the work of De Boer in 1942, Cook triumph-
antly announced "the perfection of a technique for producing 
binaural sound on 12-inch long-play records which is expected 
. to make as great a difference in listening as Cinerama is 
making in viewing movies.n2 
Aside from the use of the new LP discs as recording sur-
faces, the method differed little from De Boer's. The two 
bands of grooves, one outside and one inside, were played 
either by a two-headed pick-up arm such as one sold by Living-
ston Audio, or by an ordim ry tone arm with the Cook Binaural 
Clip Conversion attached. This clip-on cartridge carrier 
allowed a second cartridge similar to the one in the regular 
tone arm to track the inside grooves. The record then deliv-
ered simultaneous output from the two cartridges to the two-
channel amplifier and the t~ speakers spaced, according to 
Pook, ten feet apart. Cook claimed that binaural sound seemed 
lrbid., p. 1. 
2"Binaural Recordings Add New Dimension to Recorded Mu-
sic," Electrical En~ineering, December 1952, p. 1156. 
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louder for the same power level than monophonic sound. There 
was also less hiss, noise level. 1 
Cook and one or two other small record companies pro-
duced a small number of recordings by this method. Cook 
called them "Duplex Recordings" since they could be played on 
an ordinary phonograph by just using the outside band and ig-
noring the inside one. Naturally the playing time was approx• 
imately half of a regular LP record, since the space tad to be 
divided between the two bands for the two pickups. The big-
gest problem, ha-T ever, was the nearly impossible task of get-
ting the two cartridge stylii into the correct grooves at 
points other than the beginning of the records. It was dif-
ficult enou~ at the beginning. Modern microgroove records 
have the grooves very close together and some latitude has to 
be allowed for the stylus to adjust itself and compensate for 
slight variations in tracking at different positions of the 
arm. This meant that the stylus following one groove of the 
Cook stereo disc might be one or two grooves away from the 
grooves corresponding to the groove that the other stylus is 
playing. This fault doomed the Cook system.2 
First Commercial Stereo Tape 
While the disc recording industry was still waiting for 
a practical method of commercializing stereo, the tape manu-
1cook's semantics are incorrect according to Olson's 
definitions, supra p. 19. 
2Norman H. Cra-1hurst, ·Stereophonic Sound (New York: John 
F. Rider Publisher, Inc., 1947), pp. 62-63. 
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facturers forged ahead. In 1949 the 1~Iagnecord Company had 
demonstrated the first stereophonic home tape recorder at the 
Audio Fair. The Brush Development Company, which had brought 
out the first standard home tape recorder in the U. S., in 
1947, followed in 1950 with a multi-channel machine. Soon 
several companies were producing stereophonic home tape re-
k h . . 1 corders and playbac mac 1nes. 
In 1953, the Pentron Company demonstrated their six-
channel "electronic orchestra." The separate channels, one 
for each instrument in the band, were recorded on a standard 
!-inch magnetic tape. The f:ir st commercial stereo tapes were 
offered to the public in May 1954 by C. E. Smiley of Living-
ston Audio. Released on the Audiosphere lab1e, they con-
tained core ert music recorded at the May Festival in Florence, 
Italy, conducted by Vittorio Gui. There were also two tapes 
by a Viennese choral group. The public had no tape players 
to listen to these eight tapes, so Livingston sold a tape 
player at the same time. This prevented the expensive tapes 
from being accidently erased, as might happen with one of the 
recorder-playback machines, such as the Magnecord. 2 
Tape 
The first two years of Li vi. ngston' s hectic begin-
ning were dominated by solving the problems encountered 
in ~heir role as lone missionary for home stereo. This 
included endless demonstrations all over the country at 
audio fairs, dealers, representatives, distributors and just anybody who would listen. Techniques in stereo 
lnchronology of Magnetic Recording," .QE.• cit., p. 26. 
2Ma.rk Mooney, Jr., "The History of I~gne tic Recording, n 
Recording, February 195S, p. 3 5. 
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recording,duplicating and processing had to be developed. 
Also, the library had to be expanded and once again 
Livingston found it self in the r·ole of a missionary es-
sentially exhorting the flock to climb on the stereo 
bandwagon.l 
It took a few years to do it, but these early efforts 
finally bore fruit. In 1955 the V-M Corporation offered for 
sale a kit to convert their tape recorders to stereophonic 
playback, bringing stereophony into the low-priced field. 
Record companies both large and small began producing stereo 
tapes, and by 1957, 39 of them were offering more than 650 
different tapes.2 
Stereophonics in the home had finally arrived, a very 
long time after the Paris demonstrations of 1881. The pres-
ident of the Audio Engineering Society has said, 
Far from being a "fad," stereo is the most funda-
mental advance in sound reproduction since electrical 
recording can:e in 1926. • • • Ten years from now • • • 
every3reproduci.ng system will include stereo in rome form. 
In the following chapters we will consider those forms 
and systems. 
lc. E. Smiley, quoted in ibid., pp. 35-36. 
2Ibid., p. 36. 
3Kuttner and Plunkett, ~· cit., p. 10. 
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CHAPTER III 
STEREOPHONIC SOUND ON FILM 
The 1937 Bell Demonstration 
The first public demonstration of stereophonic sound in 
conjunction with motion pictures was at the Fall 1937 conven-
tion of the Society of Motion Picture Engineers in New York 
City. The demonstration was given in the auditorium of the 
Bell Telephone Laboratories. A special motion pictur-e had 
been shot and recorded with twin audio tracks located side by 
side, which were reproduced through separate channels by loud-
speakers located at the sides of the screen.1 
All motion pictures since the advent of sound had been 
equipped with a single oound source, usually a speaker in tba 
center of the screen, behind it on the stage. There was no 
acoustic illusion of sound movement from one side of the 
screen to the other. As a result the ears of the listener be-
came trained to "pull" the sound the necessary distance side-
wise, to make it appear to come from the visual image of its 
source. With stereophonic reproduction, this mental strain 
was relieved, since the sound of its own accord moved to fol-
low the image of its source. Stereo implies localization and 
lJ. P. Maxfield, "Demonstration of Stereophonic Recording 
with Motion Pictures," Journal of the SMPE, February 1938, 
p. 131. 
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depth. It also gives a marked improvement in quality and in 
the sense of direction. From a commercial standpoint, the 
Bell engineers thought the latter property at least as impor-
tant as the first •1 
Some interesting notes on the use of the equipment were 
given by engineer Iviaxfield: 
This development of stereophonic recording has 
formed a natural part of the general developmental work 
carried on for the purpose of improving the quality of 
talking pictures. Whether or not it will ever be adop-
ted by the motion picture industry depends upon the mo-
tion picture producers. It is certain, however, that to 
obtain the full, ultimate illusion of reality it will be 
necessary to combine with a colored stereoscopic picture, 
stereophonic sound.2 
The film recording was done with a four-ribbon light 
valve, one pair of ribbons being actuated by current from the 
microphone at one side of the stage, and the other pair by 
current from the other microphone. The loudspeakers were 
located behind the screen at either side of the center.3 
The first scene of the experimental film showed a sym-
phony orchestra of about 40 or 50 players. The nature of the 
musical selection was such as to permit noting from which 
section of the orchestra the sound emanated. The next scene 
was a ping-pong game, with the ball easily placed even with 
the eyes shut. It was reported that at one point, when the 
ball bounced from table to floor and out of the picture, the 
ball could still be followed as it bounced repeatedly upon 
1Ibid. 2Ibid., p. 132. 
3 Ibid. , p • 13 3 • 
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the floor. 
The final scene of the film began in an almost pitch-
dark room. The sounds of an actc::r entering the room and mov-
ing about in it, colliding with furniture, could be heard. 
His conversation with a companion sounded from various parts 
of the room as the two moved about. Toward the end of the 
scene, a third actor entered the room, turned on the lights, 
and permitted the audience to correlate positions of images 
on the screen with their previous sounds.1 
J. I. Crabtree, engineer from Kodak Park, Rochester, New 
York, had this comment on the film showing: 
The industry ewes a debt of gratitude to the Elec-· 
trical Research Products, Inc., and particularly to 
Vice-President Knox for this pioneering experiment. It 
was more than ten years ago that Dr. Steinberg demon-
strated to me in the Bell Laboratories the astonishing 
dramatic effects attainable by binaural sound reproduc-
tion. Ever since, I have been looking forward to the 
time when such effects would be applied to the motion 
picture •••• Novelty is what the film industry is lack-
ing at the present time •••• It would seem as if the 
large exhibitor should be looking for some novelty that 
would euable him to put on a better show than the little 
fellow.~ 
Crabtree's final statement could not be mare fitting 
today. In reference to the need for higher fidelity repro-
ducing equipment in the theatres along with the stereophonic 
systems, Crabtree mentioned the opinions of the Bell engineer~ 
about lower-fidelity stereo being better than highest-fidelity 
mono. He said the frequency range in theatres should not have 
1Ibid. 
2Cited in ~~xfield, ibid., p. 134. 
to be increased to gain a rat.te r large dramatic improvement 
with stereo reproduction.l 
The references to stereoscopic motion pictures made by 
Maxfield may,be explained by the work being done on this 
method of motion pictures, along with the '\'ITOrk on stereophonic 
sound for film. The first large-scale public exhibition of a 
35mm stereoscopic motion picture with excellent picture qual-
ity took place at the 1939 New York World's Fair. Five mil-
lion people saw a stereoscopic film produced by John A. 
Norling. 2 The interests in stereo sight and sound supported 
one an other. 
The Bell Stereo Film System 
The Bell Laboratories' Stereo Sound-Film System, or 
SSFS, resulted from years ofBell research leading back to the 
1920's. Acccrding to Harvey Fletcher, who played an important 
role in the development of SSFS: 
If we design the system to hen dle any kihd of sounds 
that the ear can hear and tolerate, then the limits of 
freqtE ncy and intensi. ty are set by the hearing character-
istics of a typical group of listeners. It was this am-
bitious objective that was set for the SSFS.3 
During 1939 and 1940, the Bell engineers made a survey 
of the hearing capabilities of persons in a typical popula-
tion as they visited the Bell System exhibits at the World's 
1Ibid.' p. 135. 
2John A. Norling, "The Stereoscopic Art," Journal of the 
SMPTE, March 1953, p. 287. 
3Harvey Fletcher, "Stereophonic Sound Film System Gen-
eral Theory," Journal of the SMPE, October 1941, p. 334. 
59 
Fairs in San Francisco and New York. Records of the hearing 
of more than a half million persons were analyzed. The record 
was expressed as a relative hearing loss or gain with respect 
to an arbitrary referenc.e. The results indicated it was un-
desirable to reproduce fOunds for a general audience of 
greater than 120 decibels intensity. When the frequencies 
were below 200 or above 6000 cycles per second, the lowest 
levels that could be heard by the average person in a group 
were determined by the hearing mechanism, but when the sounds 
were between 200 and 6000 cps, the primary factor was the 
room noise.l 
The previous experiments in long-distance stereophonic 
hook-up between Philadelphia and Washington in 19332 were 
used as the basis for the new film stereophonic system. The 
main difference was that the transmission line was replaced 
by a time-delay or storage system. The amplified microphone 
current, instead of flowing into the transmission line, was 
translated into a physical record which could later be re-
translated into a facsimile of the original recording current. 
Film was used because at that time the photographic sound-film 
was further advanced in its development than were other media) 
The amplified current from each microphone was led to a 
variable-area sound track on a 35mm sound-picture film having 
1Ibid.' pp. 335, 336. 
2supra p. 39. 
3Fletcher, "Stereophonic Sound System -- General Theory," 
2£· ~., p. 337. 
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• 
four such tracks. (See Figure 9.) Variable-area was used 
because it gave greater volume range than the other process, 
variable-density. However, the maximum signal-to-noise ratio 
on the variable-area track was still only 50 db, whereas the 
range called for was 80 db. This was based on measurements 
of the maximum intensity level of a full symphony orchestra, 
which proved to be on the order of 78 db. The 80 db signal 
which might arrive during loud sections was compressed to fit 
the 50 db limit of the track, and then it was expanded an 
equal amount in reproduction. 1 
The desired result was achieved in this way: When the 
signal which was to be recorded exceeded the range of the 
film, it generated a control current at a generator ( "G" on 
diagram, Figure 9) which increased in amount as the excess 
value of the signal above 50 db increased. The signal re-
corded on the sound track was kept at the maximum value which 
the sound track could take, and the control current was modu-
lated with a carrier frequency and recorded on the fourth 
sound track. The other two channels had d :if ferent carrier 
frequencies. When the film was reproduced, the control cur-
rents were selected by suitable filters (See Fi@.lre 10) and 
applied to the reproducing amplifiers, where they controlled 
the output in such a manner that the loudspeakers reproduced 
the sound at the microphones. 2 
1f2i9..' p. 338. 
2nstereophonic Sound Film System," Journal of Applied 
Physics, January 1942, pp. 32-33. 
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This compressor-expander device was dubbed the "compan-
der. tt Selected oscilJator tones were used on the pilot, or 
fourth track to carry the gain-adjusting information. 1 Noise 
was a great problem, and practically every piece used in the 
SSFS had to be re-designed to reduce noise and distortion. 
This was necessary because the stereophonic system's fre-
quency range was nearly twice that of the standard motion 
picture sound track range of the time (8,000 cps). 2 
It was considered desirable to include the previously-
used "enhanceiiEnt" feature again so that the music, upon re-
recording, could have additional interpretations added by 
modifying the intensity or frequency composition, or both, 
of any or all channels. A control box was incorporated for 
the musical director to use, and the dynamics could be raised 
or lowered by him as desired.3 
Naturally, as the music level was raised and lowered, 
the noise level on the film was also raised and lO'\"Jered with 
it. To cut down the noise, a pre-distorting netvJ"ork was in-
troduced into each channel which made it possible to record 
high frequencies at greater amplitudes than normal to over-
come noise. When the film was reproduced, restoring networks 
cut the intensity of these high frequencies by the same 
1Harvey Fletcher, "Stereophonic Sound Film System -- Gen· 
eral Theory," Journal of the SMPE, October 1941, pp. 341, 344 
2Harvey Fletcher, "Steveophonic Reporduction from Film," 
The Bell Laboratories Record, May 1940, pp. 262, 265. 
3Fletche r, li Stereophonic Sound Film System," .2E.• cit. , 
p. 349. 
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amount they were raised in recording, thus at the same time 
lowering the film noise in these high frequency regions.l 
The completed experimental SSFS covered the frequency 
range of 20 to 14,000 cps v-Tithout the introduction of any 
audible amount of distortion. 2 The demonstration of the fin-
ished system was given on April 9, 1940.3 During the summer 
of 1941 another complete SSFS was built for the Electrical 
Research Prcxiucts, Incorporated, by Bell Laboratories. Com-
mercial equipment was used throughout this system except for 
the pilot and compander devices which were not available as 
standard articles. Even better specifications than the first 
system were the result.4 
Fantasrund 
At the same time that the Bell Laboratories were 'tttorking 
on their experimental system of stereophonic film sound, Hol-
lywood technicians were busy with a commercial application of 
almost the same sort. Walt Disney Studios and the Radio 
Corporation of America worked three years at their system, 
which was called "Fantasound." It was developed to accompany 
1Ibid.' p. 350. 
2Ibid., p. 352. 
3Fletcher, "Stereophonic Reproduction from Film," The 
Bell Laboratories Record, May 1940, p. 361. ---
4w. B. Snow and A. R. Soffel, "Electrical Equipment for 
the Stereophonic Sound Film System," Journal of the SMPE, 
October 1941, p. 395. 
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the new Disney film, "Fantasia. nl William E. Garity and J. N. 
A. Hawkins, two of the engineers, gave their reasons for the 
development of Fantasound: 
• • • we must take large steps forward, rather than 
small ones, if we are to inveigle the public away from 
softball games, bowling alleys, nightspots, or rapidly 
improving radio reproduction. 
- The public has to hear the difference and be 
thrilled by it, if our effcrts toward the improvement of 
sound-picture quality are to be reflected at the box-
office. Improvements perceptible only through direct 
A - B comparisons have little box-office value. 
• • • some deficiencies of oo nventional sound-
picture reproduction may be summarized: 
(a) Limited Volume Range ••• 
(b) Point-Source of Sound ••• (c) Fixed Localization of the Sound-Source at 
Screen Center • • • 
(d) Fixed Source of Sound • • • 
It is felt that Fantasound provides a 2esirable 
alternative to the four major deficiencies. 
During the work leading up to Fantasound, ten different 
sys terns were actually constructed and tried out, and develop-
ment did not stop with the release of "Fantasia." All numbers 
in the film except "The Sorcerer's Apprentice" and the choral 
section of "Ave Maria," were scored at the Philadelphia Acad-
emy of Music, by now traditional home of stereophonics. The 
Philadelphia Orchestra, conducted by Leopold Stokowski, was 
recorded by eight separate film-sound channels. The first 
six channels recorded close microphone pick-ups of various 
sections of the orchestra. The seventh channel recarded a 
1
"Fantasound for Disney Picture," Science Digest, 
January 1941, pp. 92-93. 
2William E. Garity and J. N. A. Hawkins, "Fantasound," 
Journal of the SMPE, August 1941, p. 127. 
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mixture of the first six, and the eighth channel recorded the 
entire orchestra with distant microphoning. 1 
The roadshow of "Fantasia" used eleven 62-inch racks of 
amplifiers, plus the power supplies and associated equipment. 
It packed into 45 cases weighing an average of 330 lbs. per 
2 
case, and took up one-half of a standard freight car. At 
first a mixing engineer went along with the film and operated 
manually the volume range expansion equipment as well as con-
trolled the perspective effects. But the five controls be-
came rather complex for one-man operation, and due to the 
human element, it was difficult to keep all the shows exactly 
alike. "Togad" came about to solve these problems. The word 
stands for "tone-operated gain-adjusting device." Just as ~n 
the Bell system, it was operated by tones on a fourth track 
of the film.3 1 
For each group of loudspeakers there was a separate 
source of sound synchronized with the picture on the screen. 
When Mickey Mouse, for example, in "The Sorcerer's Appren-
tice," appeared on the right, "Togad" switched on the loud-
speaker directly behind him and veered the sound to another 
speaker when he moved. During recording, an extra track was 
dubbed on phonograph records to gi. ve the beat, entrance cues 
lIb id • , p. 143 • 
2A. A. McK. "Stereophonic Sound: Magnetic Tape Carrying 
Three Simultaneous Channels Gives a Striking Illusion," Elec-
tronics, August 1948, p. 88. -
3 Garity and Hawkins, .Q.E.• cit. , pp. 140, 143 , 131. 
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and other effects to @lide the animation cartoonists. Each 
sound track could be blended in any way with any other track. 
According to its inventors, the process of Fantasound suc-
ceeded "in taking music and sound out of its customary acces-
sory role in the theatre and elevating it to a position as an 
important tool in the hands of a dramatist. 1 
Other New Film Sound Processes 
Other p~cesses far more realistic film sound were being 
experimented with at this time. A committee comprised of mem-
bers of the various Hollywood studios had been set up under 
the Academy of Motion Picture Arts and Sciences and was study-
ing the various systems with a view to standardizing one of 
them for general industry use. 2 Two of the most important 
features that would be needed for more enjoyment and realism 
in the sound were thought to be an increased volume range and 
a more widespread source of sound for music and effects repro-
duction.3 
There are generally two types of material on the sound 
track: dialogue and music-effects. The first is produced by 
approximately a point-source, While the second is of a much 
larger area. The orchestra and effects sound "squeezed" when 
reproduced through the single theatre loudspeaker. Warner 
1
"Fantasound for Disney Picture," 2£• cit., pp. 92-93. 
2H. I. Reiskind, ~~ltiple-Speaker Reproducing Systems 
for Motion Pictures," Journal of the SMPE, August 1941, p. 155 
3Nathan Levins on and L. T. Goldsrni th, "Vista sound," 
Journal of the SMPE, August 1941, p. 147. 
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Brothers' solution to this was heard in the 1937 film, "The 
Eternal Road." There were individual channels for the or-
chestra, the choruses, and the soloists. The orchestra sec-
tions had no localization, but they were reproduced through 
a number of loudspeakers extending across the screen and the 
"spread" gave the impression that the orchestra actually 
filled the auditorium. 1 
A simpler version of this arrangement was called "Vita-
sound," and consisted simply of a control-track printed in the 
sprocket-hole area of the release print, which operated a 
variable-gain amplifier and loudspeakers spaced strategically 
around the theatre. 2 This was particularly effective for 
spectacular sound-effects scenes, and was used for the earth-
quake in "San Francisco," the avalanche in "Lost Horizon," 
and the battle in "The Sea Hawk. n3 It must be remembered 
that this process is not stereophonic, for it makes no at-
tempt to provide sound motion within the screen area, or 
localization of the sections of the orchestra. Several Warner 
Brothers pictures were released as standard-type prints with 
the sprocket-hole track providing the multiple speaker repro-
duction. Of course, if the theatre did not have the Vita-
sound equipment, the regular film track would still be repro-
lReiskind, 2£• cit., p. 155. 
2Levinson and Goldsmith, 2E• cit., p. 147. 
3Reiskind, 2£• cit., p. 156., 
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1 duced in the standard manner. 
In "Fantasia," this method was combined with stere a-
phony. Either effect was used for a particular number, de-
pending on the effect desired. In the "Ave Maria" selection, 
multiple speakers were installed along the sides and back of 
the New York theatre, and the sound from each of the side-
screen sound-tracks was reproduced along the entire corres-
ponding side of the theatre rather than from the stage alone.2 
These early attempts at stereophonic presentation in the 
theatre were made before the advent of magnetic recarding, or 
at least before the modern adaptation of it by use of magne-
tic oxides on an acetate base. Consequently the only way to 
record the extra sound tracks was to use the optical means 
just mentioned.3 
These optical tracks could reproduce the desired range 
of sounds only with the aid of the complex compandor equip-
ment and pilot track. Due partly to this complexity, 
Fletcher's system and Fantasound never achieved success at 
this time. Also, the motion-picture industry was apathetic 
about changing over to an entirely new medium of sound pre-
sentation in theatres.4 The exhibitor's problems with the 
libid., PP· 154-156. 
2Ibid., p. 158. 
3Crowhurst, 2£• cit., p. 108. 
4John G. Fravne and E. W. Templin, "Stereophonic Record-
ing and Reproducing Equipment," Journal of the SMPTE, Septem-
ber 1953, p. 395. 
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multi-track optical sound were many. The projectors installec 
in the average theatre had the sound heads located in the cor-
rect position for standard tracks. To present the stereo-
phonic material, which had additional sound tracks located 
somewhere else on the strip of film, required the addition of 
extra sound heads in the projector. Usually this meant the 
installation of a new section of the projector to replace the 
old sound head section, an expensive operation. 1 
The advent of magnetic tape recording after the war made 
possible the application of the magnetic oxide to the actual 
movie film. This was done after the printing of the picture 
on the film by a process called "striping." Then the sound, 
which could have been originally recorded on either tape, 
magnetic film, or optical, is "printed" on the stripe by a 
magnetic-recording process. By analogy with the older optical 
method, the word "printing" has continued in use, although it 
does not apply in a literal sense. The striping process has 
its problems. It is difficult to get one reliable magnetic 
stripe on the film, let alone four. They are likely to flake 
off or wear easily, because they are very narrow compared to 
the regular t-inch tape used for home recording.2 
Due to the narrow tracks the dynamic range is not great. 
It can sound deceptively gpod in a stereo system by keeping 
the volume level as constant as possible. The compatibility 
lcrowhurst, op. cit., p. 108. 
2Ibid., p. 110. 
3Ibid., p. ll0-111. 
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problem here is solved easily, for the magnetic section sim-
ply clamps on the top of the standard projector. In this po-
sition it does not interfere with the regular functioning of 
the projector on optical tracks, and the switch-over is ac-
complished by electrical means. The pick-up section is 
called a "penthouse," because of its position on top of the 
projector. 
When the film is new and oxide tracks are in good oper-
ating condition, and the heads in the penthouse are new also, 
the quality is excellent. Unfortunately this quality does 
not maintain well. The heads are worn by the crocus-cloth 
action of the striping oxide, the oxide wears off the film; 
the quality goes down. This defect occurs to a much smaller 
extent with optical tracks. Regular replacement of the pent-
house heads is recommended by the manufacturer, but many ex-
hibitors overlook this, and the magnetic stereophonic systems 
continue, operating under inferior conditions and the excel-
lent technical resources put into the original film sound 
track in Hollywood are not heard by the audience.l 
The new interest in stereoscopic motion pictures which 
began with "Bwana Devil" in the early 1950's aroused interest 
in a rna tching stereophonic round track. In Nonnan McLaren's 
stereoscopic film, "Around is Around," it was decided to give 
the sound direction to match the added depth of the picture. 
The designers of the Telecinema, Great Britain, introduced 
1Ibid.' p. 111. 
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stereophonic sound to complement the stereo sight. Four mag-
netic sound tracks on a separate piece of 35 mm film were syn-
chronized i•rith the projector and fed to four groups of loud-
speakers, one behind the screen, one each at left and right 
corners of the screen, and one at the back of the auditorium. 
A stereophonic mixing console right in the auditorium con-
trolled the presentation. It required "the skill of a virtu-
oso pianist playing a Liszt concerto." Louis Applebaum, who 
wrote the music for the film, was impressed by the new medium: 
Stereophonic sound • • • becomes a valid and useful 
dramatic device, and orchestral balance can be achieved 
through space, as well as by tonal weight ••• The mole 
I think of it the more numerous are the possibilities. 
However, it took a strong attack upon the movie industry 
by another medium to really bring stereophonic sound to the 
film-going public. According to Julius Postal of the Audio 
Engineering Society: 
It is well known that the motion=Picture industry 
became actively interested in these Lstere£7 systems and 
devices only with the advent of widespread home televi-' 
sion.2 
Cinerama and CinemaScope Sound 
The first Cinerama film in 1952 began the new interest 
in stereo film sound tracks. Five (and later, seven) magnetic 
tracks were used on a separate 35mm film to produce the stereo 
effect. In 1953 a three-channel stereo system, also on sepa-
lGerald Pratley, "The Latest 3 -Dimensional Films," Films 
in Review, April 1952, pp. 172-174. 
2Julius Postal, "Audio Aspects of the SMPTE 74th Conven-
tion," Journal of the AES, April 1954, p. 122. 
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rate film, was used as an adjunct to the new 3-D movies. 
Often the effect was no more than a pseudo-stereophonic one, 
because the studios didn't have time to develop the techniques 
of on-stage stereo recording, and most of the dialogue was 
moved across the screen by pan-potting1 an original single-
channel sound track. The music pick-up was often better than 
this, but even there "enhanced" monaural recordings were some-
times used. 2 
The first attempt at stereophonic sound on a composite 
35 mm film for commercial use was the new CinemaScope process 
introduced in 1953 at 20th-Century Fox studios. Four magnetic 
stripes were put on the composite release print, three of them 
for the stereo effect at the screen, and the fourth for audi-
torium sound effects.3 The entire production of the film, 
"The Robe," was recorded on a true stereophonic basis.4 
In the meantime, other motion-picture studios have 
produced many pictures in CinemaScope, but in most cases 
the dialogue cannot be classed as stereophonic since it 
was mainly deriyed by pan-potting the original single 
monaural track.) 
' lpan-potting: a single-channel signal is fed into mul-
tiple mixing panels leading to the stereo sound tracks; the 
signal then may be "moved" by manipulating the volume of the 
various controls. 
2John G. Frayne, "Compatible Photographic Stereophonic 
Sound System," Journal of the SMPTE, June 1955, p. 303. 
3rbid. 
4George R. Grovers, "Progress Committee Report," Journal 
of the SMPTE, May 1953, p. 53o. 
5Frayne, 22• cit., p. 303. 
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Perspecta 
The Cinerama and CinemaScope systems are noncompatible. 
The Perspecta sound system, introduced in 1954, is compatible. 
A single monaural sound track contains three sub-audible con-
trol frequencies which make it possible to move sounds across 
the screen in much the same manner as pan-potting with the 
Cinema-Scope system. 1 The channels not in use during a solo 
performance on one speaker are reduced to a level sufficiently 
below the one being used not to be heard at all. On other 
occasions the single-channel sound track can be applied to 
the other speakers in varying combinations of intensity so 
as to achieve many special effects. The control frequencies 
of 30, 35, and 40 cycles, are reccrded at a level 20 db below 
the peak audio level so that they will not be audible when 
the film is played on an ordinary system. When played on a 
Perspecta-equipped system, special filters remove these fre-
quencies from the reproduction train. They are separated, 
amplified, rectified, and then used to control variable-gain 
stages feeding the three separate channel speakers. A great 
deal of expense in recording is saved with Perspecta, because 
only one channel is used. 2 
The system even includes a relay that automatically 
switches from single-channel presentation over the single 
1Ibid. 
2Norrnan H. Crowhurst, "New Approach to Hi-Fi Stereo-
phonics," Radio-TV News, August 1956, p. 37. 
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center speaker to three-channel presentation over t~ee sepa-
rate speakers, when the Perspecta coding signal comes on. 
This relieves the projectionists of responsibility for chang-
ing over connections according to what sort of film is being 
run. It is even possible to splice sections of film having 
single-channel and Perspecta sound tracks into the same reel, 
and the system will automatically switch from one to the other 
as soon as the sound track changes. 1 
Perspecta has its limitations, however, because it is 
not true stereophonic reproduction. It cannot give simulta-
neous directional identity. It functions for one sound for 
one position at a time, and therefore all sounds that occur 
simultaneously move together to whatever position for which 
the controls are set at the particular time. 2 Since in the 
large theatre all sense of direction is more dependent upon 
relative intensity from the different channels than it is 
upon phase differences, Perspecta still gives a fairly real-
istic effect. As the coded stereo system depends entirely 
upon intensity variations, this enables it to exploit this 
difference to at least as good advantage as the regular multi-
channel stereo.3 
Another advantage is the fact that the system enables 
further noise reduction by use of the coding frequencies. 
lcrowhurst, StereoEhonic Sound, 
.££• cit., p. 111 • 
2Frayne, 21?.· cit., p. 303. 
3crowhurst, StereoEhonic Sound, 21?.• cit., pp. 111-112. 
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The three channels can be turned down to lower levels when not 
being used, or turned completely off. Therefore the back-
ground noise is turned do'\m along with the program sound and 
better quality results. 1 
An Optical-Track System 
Another compatible stereophonic system for films is des-
scribed by John Frayne, its inventor. Called the Photo-Sterec 
process, it uses only two separate tracks, which are optical 
instead of the prevalent magnetic type. The two tracks, which 
may be either variable-density or variable-area, are placed 
side by side in the normal position for a standard 100-mil 
sound track. The optical tracks are separated by a 4-mil 
space and reproduced by an optical sound-head similar to the 
standard-push-pull type with the exception of the lens, which 
in Frayne's process operates' the component light beams through 
a split lens. On wide screen presentations, a third bridged 
or "phantom" channel may be added easily. 2 
Satisfactory reproduction can be obtained from Photo-
Stereo with the two tracks in th€ standard track position and 
played on a standard pn)jector. During the film demonstration 
before the Society of Motion Picture and Television Engineers, 
a re-enacted scene from Sanuel Goldwyn's "Best Years of Our 
Lives," and an orchestral rendition of the overture to "The 
Barber of Seville" were presented) The noise level was 
~Ibid. , p • 112 • 
2Frayne, 2£• cit., p. 304. 
3Ibid., p. ~308 
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complained of by attending engineers. Frayne said that it was 
due to the narrowness of the optical tracks on the release 
print. He went on to suggest that high quality optical tracks 
would be possible if only the industry was really interested 
in improving them: 
[Let u§l first analyze the difference between magnetic 
and photographic recording. Magnetic tracks are consid-
erably quieter than photographic and they have a somewhat 
better high-frequency response for the same film velocity 
When it comes to flutter, photographic has at least a 
theoretical advantage in that the problem of pulling a 
film over a fixed gate is eliminated. One of the big ad-
vantages in magnetic is that each print is an electric 
transfer from a master. In photographic, the positive 
soundtrack is made by contact printing from a negative 
a process which is known to result in high-frequency 
losses, in increased flutter and amplitude modulation. 
If each print were made by a direct-positive transfer, 
then we should have a much improved optical print •••• 
The original reason for using magnetic on Cinema-
Scope was not because it was magnetic but because it en-
ables you to record and reproduce more tracks •••• it 
seemed extremely difficult to put four optical tracks on 
a film and reproduce them in the theatre •••• It would 
be difficult to modify all of the various types of sound-
heads in the world ~d it would be extremely difficult to 
agree on a standard. 
Recording Film Sound 
Regardless of which of the systems is used to carry the 
stereophonic sound in the final release print, the method of 
work for producing the ultimate program that will be heard 
from the film is very much the same. The studios usually make 
at least six separate master sound tracks from which the com-
posite final result is made. This is done even with non-
stereo motion pictures for better control of sound. The 
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~ musical track is usually recorded with three separate chan-
nels. This enables balances to be adjusted during re-
recording according to the effect the director desires to be 
associated with a certain image on the screen. 1 
If there is a soloist in the musical score, this will 
require another track. Then adjustment of volume and spacing 
between orchestra and soloist may be adjusted to match the 
changes of viewpoint presented by editing the camera's views. 
Another track is needed for dialogle. Finally, all sorts of 
special effects are needed, and these require at least another 
sound track. 
In making the final composite for stereophonic release, 
all the tracks are mixed in different proportions onto the 
separate final tracks and sounds may be moved around by the 
pan-potting process mentioned above. 2 A device was recently 
patented "rhich allows complete control of the apparent direc-
tion of a sound in the track of a stereo motion picture. 
direction may be different in the final release print from 
n 
The :: 
il 
that in the original recording. The device uses a panpot with 
movable output taps.3 
Stereo Sound and the Exhibitor's Problem 
The film industry's acceptance of the stereophonic sys-
tems has not been ·overwhelming. At the 1956 SMPTE convention 
lcrowhurst, Stereophonic Sound, 2£· cit., p. 112. 
2rtid., p. 114. 
3Robert W. Young, "Review of Acoustical Patents," Journal 
of the Acoustical Society of America, May 1958, p. 498. 
11 
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in Los Angeles, Fred R. Wilson of Samuel Goldwyn Studios said 
In view of the latest developments in sound such as 
stereophonic recordings losing favor with the exhibitors 
and passing over other technological methods at our dis-
posal to improve the quality of sound it seems to me tha 
the only future progress is in a method or means of pro-
ducing sound more cheaply ••• 1 
Loren L. Ryder developed this point in regard to stereo: 
In my opinion there are tv10 things wrong v1i th this 
process -- first, the cost has been too great and, sec-
ondly, stereophonic sound handling either limits or ac-
centuates editing. Editing in motion 9ictures is used 
as a system of gaining story progression and a good edi-
tor is a man who can edit the picture in a manner so thm 
the audience is not conscious of the cuts. In my opin-
ion the use of stereophonic sound as it has been handled 
largely tends to punctuate the cuts -- it tends to em-
phasize the very thing that the experienced editor is 
trying to eliminate. • • • this is one of the reasons, 
in addition to the economic reaso~, that we at Paramount 
have not used stereophonic sound. 
Howeve~, many improvements are being made, and the added 
attraction of being able to offer stereophonic sound to its 
patrons usually seems worth the effort to larger exhibitors. 
The drive-in theatre audience can even share the effect with 
a new loudspeaker assembly patented recently. In this stere-
ophonic loudspeaker for automobile use at drive-in theatres, 
one speaker aims straight out to provide the center channel, 
while speakers at the sides aim at the curved inside surface 
of the windshield to provide the side channels) 
lLoren L. Ryder, "Looking to the Future ir: Sound," 
Journal of the SMPTE, November 1956, p. 584. 
2Ibid •. 
3Young, 2£• cit., p. 497. 
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A development of engineer Bruce P. Bogert makes it pos-
sible, by inseting a small time delay in one channel of the 
stereo system, to reduce the power capability of the other 
sound-producing channels. This enhancement is a result of 
the Haas effect. 1 Haas' studies concerned the intelligibility 
of speech with various time delays between the direct sound 
and an echo. When the delay was small the apparent source 
was the direct one, and the delayed source did not appear to 
be operating, except that it contributed to the over-all loud-
ness. The delayed source was found by Haas to be increaseable 
to as much as 10 db more than the direct source before the 
2 delayed source was perceptible as such. 
Bogert used a tv-1o-channe l stereo system. The signals 
of the left and right channels were combined, delayed from 10 
to 35 milliseconds and fed to a central loudspeaker with this 
delayed composite signal, all in addition to the regular 
stereophonic channels on either side. The effect of the addi-
tional centrally located source increased the sound level in 
the auditorium without greatly altering the spatial localiza-
tion dUe to the stereophonic effect. 
A two-track magnetic tape recorder was used as the source 
fed to speakers on the left and right, with the combined sig-
nal fed to another tape recorder for the delay. This machine 
1 
--Karl Haas, "Uber den Einfluss eines Einfachechos auf die 
Horsamkeit von Sprache," Acustica, · -. I, 1951, pp. 49-58. 
2Bruce P. Bogert, "Stereophonic Sound Reproduction En-
hancement Utilizing the Haas Effect," Journal of the SMPTE, 
June 1955, p. 308. 
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operated at a speed of 60 inches per second, recorded on one 
magnetic head, and then reproduced from another head 34.5 
milliseconds later. The delayed output was then fed to the 
power amplifier driving the center speaker. The level of 
this center channel could be increased up to 8 db more than 
the left and right speakers before it was noticed. When the 
delay was increased greatly or the volume of the center 
speaker turned higher, the sound appeared to come from the 
1 
center speaker only. 
The greatest usefulness of this device would be in 
theatres where centrally located speaker systems of adequate 
power capacity already existed. To add two-channel stereo, 
right and left-hand speakers and amplifiers of smaller power-
handling capacity and therefore lower CO$t could be added. 
Then only a method of delay for the center signal would be 
needed to complete the low-budget system. The compatibility 
of the plan is stressed by Bogert: 
If ••• the film used two sound-tracks, side by 
side, then a sound pickup unit could contain the two 
photocells for the right and left tracks, and a third 
photocell, which scanned both tracks, spaced sufficiently 
far behind the other two to provide the required delay. 
If a standard soundtrack were played, the third photocell 
would act as the regular sound pickup means, and the 
right and left speakers would not change the illusion 
that the sound was centrally located as in an ordinary 
system.2 
Stereophonic equipment is slowly being standardized, and 
the Motion Picture Research Council has specified some things, 
1Ibid., PP• 308-309. 
2 Ibid • , p • 3 09 • 
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such as the sound-track dimensions and positions, the rela-
tive loudspeaker locations in relation to the screen, and the 
mounting of reproducing heads. The standardization of drive 
mechanism is in sight, and several types of Altec-Lansing 
theatre loudspeakers are already standard for stereophonic 
reproduction. 1 The use of stereophonic tracks on the same 
film as the picture seems destined to become the standard; 
with the closing of the last Cinerama pictures in 1959, sepa-
rate 35mm films for the sound tracks seem obsolete. New 
methods of constructing multiple-track magnetic heads have 
resulted in improved crosstalk reduction and in greater sen-
... t 2 Sl. tl.Vl. y • 
The understanding of ho.v the film industry achieves 
stereophonic reproduction will be of use in the next chapters 
dealing with home music systems. The problems associated 
with reproduction in large places, such as theatres and audi-
toriums, are often just the opposite of those encountered in 
reprodlcing sound in smaller spaces, such as the home. 
Other Stereo Mediums 
Before continuing, let us consider here, in the space 
between discussion of stereophony on film and stereophony on 
tape, two other possible stereo mediums. The first of these 
is wire recording. This form of magnetic recording was very 
1John K. Hilliard, "Loudspeakers and Amplifiers for Use 
With Stereophonic ReprodUction in the Theater," Journal of 
the SMPTE, September 1953, p. 380-389, passim. 
2Kurt Singer and Michael Rettinger, "Multiple-Track Mag-
netic Heads." Journal of the SMPTE. SePtember 1953 n. iqo 
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popular before magnetic tape took its place. Its only use to-
day is in ultra-miniature pocket recorders. Tape is so much 
more manageable and of so much better quality that wire has 
become all but obsolete. It is much too difficult to handle, 
and recording of two stereo tracks on it would be next to im-
possible.1 
The second medium employs optical sound-track playback, 
but not optical recording. The recording is achieved by means 
of a wide-angle diamond cutter closely resembling a "hill-and 
dale" disc cutter. The film base used is transparent plastic 
acetate coated with a black layer. The wide-wedge cutter 
plows into the plastic and removes a variable-area of the 
black layer. It can be clearly seen and reproduced. With 
this system, photographic prucessing is unnecessary, and the 
cost of the cutter-head is lower than the complete optical 
system necessary to produce optical recordings. If used for 
a home system, standard optical recordings could be played 
equally well by the playback machine. This engraving system 
is now being regularly used by Glen Glenn Sound Studios in 
Hollywood for the Desilu Production TV films "I Love Lucy," 
and "Our Miss Brooks."2 
1
crowhurst, Stereophonic Sound, ££• cit., p. 69. 
2George R. Grovers, "Progress Conunittee Report," Journal 
of the SMPTE, May 1953, p. 537. Cf. Crowhurst, Stereo-
phonic Sound, loc. cit. 
CHAPTER IV 
STEREOPHONIC SOUND ON J'v[AGNETIC TAPE 
The second program medium we shall consider is magnetic 
tape. Of all mediums of recording, it is by far the simpler 
for multichannel work. It is possible to put as many tracks 
as wanted on the tape. All that is necessary is to record 
the individual channels in adjacent and parallel tracks across 
the tape, with pickup heads to match. A new Air Force tape 
recorder has 28 separate channels for t elemetering use •1 
Early Stereo on Tape 
Early stereo tapes were recorded "Vrith "staggered heads." 
(See Figure 11.) This made it possible to convert an older 
machine to stereophonic reproduction merely by adding the sec-
ond head spaced about 1 11/16 inches away from the first. The 
two channels were recorded in parallel tracks along the tape, 
with corresponding parts of the material staggered to corres-
pond to the physi. cal displacement of the two heads. 2 
The complexity and cost of theatre and concert hall ster& 
aphonic systems presented great problems when efforts were 
made to bring them into the home. These were mainly three: 
it~, 
lElectronics Industries, July 1958, p. 22. 
2Louis E. Garner, Jr., "Adding Chcnnel Two," High Fidel-
November 1958, p. 47. 
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{l) The home listening room is much smaller. 
(2) The unit should be adaptable to various layouts of 
rooms, and 
{3) The cost of the home unit should be in the price 
range of an adecuate number of consumers, and the records must 
likewise be priced within certain limits, so that demand will 
be adequ~te. 
In 1948, tape and wire recorder specialist Iviarvin Camras 
was already demonstrating an experimental system before the 
New York IRE convention that he said solved these problems. 
The three-channel stereophonic tape system claimed flat re-
sponse within 5 db from 50 to 10,000 cps, and a dynamic range 
of 60 db. The tape ran at a speed of 12 inches per second 
with less than .1% wow and flutter. All three of the heads 
were staggered. However, Camras said that comparisons between 
two and three-channel reproduction indicated that two-channel 
gave a satisfactory simulation of realism. 1 
In August 1952, General Electric Limited of Britain gave 
a demonstration of three-dimensional sound remarkably free 
from distortion. At the company's research laboratories at 
Wembley, the demonstration included high-fidelity stereophonic 
sound reproduced from "live" as well as multi-channel tape. 
According to observers, "it was evident from the demonstration 
that the quality of sound reproduction has been raised 
1A. A. IJicK. , "Stereophonic Sound: Ivlagnet ic Tape Carry-
ing Three Simultaneous Channels Gives a Striking Illusion," 
Electronics, August 1948, pp. 88, 89. 
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to a new level of realism. • • • 
The development of tape recording had finally reached 
the point where it provided the ideal medium for stereophonic 
recording, and many of the inexpensive dual-track recorders 
then available were easily adapted for the recording or at 
least the playback of two simultaneous tracks. A separate 
new record and playback amplifier was added, along with the 
extra pickup head. 2 In 1956, the V-M Corporation followed 
its previous introduction of a stereo conversion kit with 
built-in stereo playback on their new machines. Nortronics 
also made the first non-encapsulated stereophonic head, and 
RCA Victor offered stereophonic playback equipment and tapes, 
adding to the library already building u~ from such companies 
as Magnecord, Audio-Visual, and Audio Master Corporation, in 
addition to Livingston Audio.4 
The disadvantages of records and film in difficulty of 
use and expense '!Jirere solved now, according to tape enthusiasts 
James Moir opined that "the overall results obtained from 2-
channel stereophonic recording on tape are a greater step 
forward than was taken in introducing the LP record.n5 
lnsound Reproduction; Demonstration of Three-Dimensional 
Technique," Electrician, August 29, 1952, p. 626. 
2Garner, "Adding Channe 1 Two," .2.E.• cit., p. 4 7. 
3Mark Mooney, Jr., "The History of IV1agneti c Recording," 
Tape Recording, Febrmry 1958, p. 36. 
4Albert J. Forman, "New Multiplex System for Three-
Dimensional Sound: Stereosonic System," Tele-Tech, April 
1953' p. 188. 
,__ 5Jame~ Moir, High Quality Sound Reproduction, (London: 
Cna Dman & rf~ 11 Limi i".Arl To-'\':! n "''I";; 
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Two-channel tape recording was found to have many advantages 
even for monophonic recording uses, namely: 
(1) The microphones may be widely spaced and later, in 
the studio, the two tracks mixed for the best possible bal-
ance of monophonic sound. 
(2) Dubbing may be done on one machine. 
(3) An extra recording may be made on track two in case 
track one does not turn out. 
(4) The two-channel system may be used for experiments 
in distance perspective by placing both microphones and play-
back speakers in a straight line with the listener.1 
Southwarth found the two channel reproduction to produce 
less intermodulation and other distortions than monophonic 
reproduction due to the somewhat greater simplicity of the 
waveforms handled and therefore permitted the. achievement of 
effects not readily obtainable with single channel equipment. 
The best results were obtained in playback when the two sound 
sources were somewhat diffused, as this tended to give a 
better illusion of spatial perspective. Southwarth suggested 
that a third speaker could be bridged across both outputs and 
placed in a central position to aid in epreading the sound 
wall evenly. 2 
Tapes recorded for staggered head playback cannot be 
played on machines with stacked heads. (See Figure ll.) The 
1a. Southwarth, "Binaural Sound Reproduction," Radio-TV 
News, March 1953, p. 72. 
2Ibid., pp. 101, 100. 
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staggered head arrangement has now become obsolete, although 
for some time both stacked and staggered versions of most 
stereophonic tapes were offered in the catalog. 1 A third 
arrangement of the two channels has been suggested. (See 
Figure 12.) The coded stereophonic tape system was never 
adopted, however, The system using one coded track only 
would leave the other side of the tape free for another re-
cording, just as in dual-track recording monaurally. The 
system using two tracks of different width would give much 
superior quality '\£1.1. th the wider audio track. Another possi-
bility in putting both stereo signals on one track vvould 
separate the heads, as with staggered, but line them over the 
same track on the tape, one head angled in one direction by 
45° and the other angled in the opposite direction. Thus the 
two signals c'ould be placed on the same track. 2 
Stereo Tapes in the Home 
The world's first complete stereophonic horne music sys-
tem was unveiled by Ampex Audio Corporation early in the fall 
of 1955. Designed by Phillip L. Gundy, manager of the corn-
pany, as "the next logical step" in the realistic reproduction 
of recorded music, the unit was called the Model 612 tape 
phonograph. It was, as the name indicates, for playback only. 
New combination speaker-amplifier systems, the model 630's, 
laarner, "Adding Channel Two," .QE.• cit., p. 4 7. 
2Norman H. Crowhurst, "Single-Groove Stereodiscs," Radio-
Electronics, January 1958, p. 55. 
went with it to achieve maximum realism by their identical 
t . 1 construe J.on. The price of the complete set was $699. 
As more and more audiophiles were exposed to the advan-
tages of stereophonic sound on tape, the popularity of the 
medium increased rapidly, considering the price of the equip-
ment and tape to play on it. The catalog in 1955 was small, 
but there was a representative group of popular and classical 
selections as well as the ever-popular "demonstration" tapes. 2 
Only RCA Victor, however, among the big companies, had issued 
classical stereophonic tapes by the middle of 1957, and there 
were only a modest quantity coming from them. The Livingston 
Tape Club Plan, started·in 1955, gave members a 25% discount 
on the labels distributed by Livingston. The tapes were 
available in either staggered head or stacked head stereo ver-
sions, in addition to single-track or dual-track monophonic 
versions. 3 
Other large companies began producing stereo tapes after 
the battle of staggered versus stacked appeared to be settled 
by RCA Victor, who stopped releasing staggered tapes. Sono-
tape, using original recordings from Westminster Records, 
entered the field of stereo tape rmnufacture, followed by 
Mercury Records. Mercury was recording everything in three-
lnstere ophonic Music for Homes," Franklin Institute 
Journal, October 1955, p. 347. 
2nstereophonic Sound for the Home," Radio-TV News, 
November 1955, pp. 42-43. 
3catalog from Livingston Electronic Corporation, 
January 1956. 
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channel stereophony. The middle channel "'ras blended into the 
other t\'ro in the final version to achieve a "phantom" center 
channel. 1 In a review of Mercury's release of the "Hary Janos 
Suite," the reviewer said, "· •• anyone who still entertains 
a doubt as to the more substantial efficacy of stereo is cor-
dially invited to compare Lthe monophonic versiogl with this 
first of Mercury's long-awaited releases. n2 
The Radio-TV News reviewer suggested that super-perfec-
tionists could "be heartened by the fact that many forces are 
at work on the three-channel problems. Something will surely 
break by the end of this year. One fascinating possibility 
••• a 'do-it-yourself' three-channel head%"3 
The tlree-channel mad, minus the do-it-yourself feature, 
was sold for a time by a Japanese company, Sony, lut no com-
mercial tapes were forthcoming. However, one thir g useful 
about tape is that it has excellent possibilities for doing 
experimental work which would be too expensive wi~h film or 
discs. Extra tape heads can easily be bought and mounted on 
the machine, and electronic equipment to decode t~e channels 
can be built by the audiophile.4 
lBert Whyte, "Certified Record Revue," Radic -TV News, 
April 1957, p. 60. 
2Review by "J. L. , " in American Record Guid ~, September, 
1957, p. 29. 
3Whyte, 2E.. cit. , p. 60. 
4crowhurst, Stereophonic Sound, .2£· cit., p. 68. 
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A "universal" adapter, the Dactron, was next made avail-
able to convert any existing recorder to stereophonic play-
back. Separate heads were also made by Shure, Dynamu and 
Brush.l Late in 1957 Capitol Records entered the stereo-
phonic tape field, to be followed by Columbia, and finally, 
in 1958, Angel. 2 Tape Recording published the first catalog 
devoted to stereo listening, with more than 650 different 
titles.3 The fall of 1957 was the high point in tape sales. 
The whole recording industry had joined in and demand grew 
so great that more than 100 releases a month came out.4 
Other developments in the ascendency of stereophonic 
tape included formation of the Stereophonic Music Society for 
mail order stereo tapes at a discount. The first stereo tape 
rental library was started. r.~ost of the smaller tape recorder 
manufacturers brought out stereophonic playback models. The 
lower-priced Ampex model 122 machines brought fine quality 
stereophonic playback within the range of more people.5 
Advantages and Disadvantages of Tape 
The greatest disadvantage of stereophonic tape is the 
lNorman Eisenberg, "Going Stereo?," Popular Electronics 
Hi-Fi Guide & Yearbook, New York: Ziff-Davis Publishing Co., 
1958, p. 123. 
2Whyte, £2· cit., p. 60. 
3Mark Mooney, Jr., "The History of Magnetic Recording," 
Tape Recording, February 1958, p. 36. 
4Fritz A. Kuttner, and Dom.ld J. Plunkett, "The Two Sides 
of the Stereophonic Disc :• ~New York Times,- Sunday, March 15, 
1959, Section M, p. 10. F 
5Mooney, o~. cit., p. 27. 
,. 1 ' 
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"" cost. For the amount of music contained on a standard LP 
record at $3.98 or 4.98, the stereophonic tape addict pays 
from ~11.95 to 18.95. This makes the medium strictly a 
carriage-trade item. When the first stereophonic discs began 
appearing, at a price only slightly higher than regular discs, 
the tape industry was profoundly affected. In England, this 
only stimulated interest in stereophonic tape and sale of 
stereophonic recording and playback units. Audio fans heard 
the first stereophonic discs, which arrived in England before 
the United States, and rightly appraised the quality as poor. 
They then turned to the high quality tape medium. lv~ost of the 
recent classical stereophonic tapes have come from EngLish 
companies such as E.M.I. (through Angel in this country), 
while the American companies have cut their monthly releases 
to almost nothing. 1 
The tape clubs were not enough to lower the fantastic 
prices of recordings. Some tried recording at slower speeds 
than 7~ ips, with consequent economy of tape. In the late 
fall of 1958, Livingston Audio announced that their entire 
library of 7! ips tapes would also be available at a speed of 
3 3/4 ips. This cut the price from $11.95 to 6.95, but also 
cut the quality along with it, for slower speeds lack wide 
freouency response and accentuate wow and flutter in the 
h . 2 mac 1ne. 
1Bert Whyte, "Sound on Tape," Radio-TV News, November 
1958, pp. 122-123. 
211Crosstalk," Tape Recording, November 1958, p. 10. 
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The tape enthusiasts claim high est quality because the 
magnetic playback heads have no moving parts. Of course they 
have magnetic circuits which can lead to their own difficul-
ties, tut the point is well taken. The stereophonic disc cut-
ter and playback cartridge are mechanical and suffer from 
mechanical distortions. Therefore tape stereophony offers 
the best possibility for thos~ really interested in absolute 
top quality -- a view underscored by the fact that all master 
recordings today are first made on tape, then transferred to 
disc •1 
The biggest advantage of discs, in addition to their 
lower cost, is the ease of handling. A passage can be quickly 
picked out simply by looking at the grooves. Also, the load-
ing onto the machine is very simple m th discs. RCA Victor 
had been working for some time on a tape cartridge which would 
simplify the handling problems. The idea of a cartridge to 
hold the tape instead of the standard open plastic reel, is 
not a nev~ one. Such magazines as the Fidelipac, developed by 
George Eash, and Echomatic and Audio Vendor, made by Bernard 
Cousino, have done good service in many specialized applica-
tions. Most of these cartridges needed special playback 
machines, although several operated on home machines. Most 
of them were designed to give continuous playing of sales 
messages, sounds, and so on. 2 
lcrowhurst, "Single Groove Stereodiscs," .£!2.• cit., p. 56 
2"Tape Ca,rtridge Developments," Tape Recording, February 
1959, p. 26. 
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The .Ne'\.; Tape Cartridge 
The RCA tape cartridge was announced in February 1958, 
timed to coincide with the stereo disc. However, it did not 
actually make an appearance until the end of that year, and 
at present writing, still cannot be bought in the stores. 
The development of this cartridge had to av-rait the develop-
ment of a tough magnetic tape base Nhich could withstand the 
friction engendered by the guides inside the cartridge and 
not break or tear. If the tape should break, however, the 
solution "'!!d th too cartridge is the same as for reel tape --
the cartridge case comes apart easily and the broken tape 
can be spliced together again using splicing tape. 1 
The cartr:idge itself is about 5 by 7 inches in size and 
i-in~h thick. It is made of a styrene-like plastic, probably 
breakable if dropped. Instead of the normal two stereo 
tracks, there are four tracks on the tape. One stereo set, 
consisting of ti·m tracks for the two channels, is reproduced 
as the tape travels in one direction. The second stereo set 
is played upon reversing the tape. Thus, this is in effect 
a double-track stereo tape, and the same amount of material 
could be contained on it as on a double-track monaural tape 
2 
at the same speed. However, the speed is not the same, as 
we shall see. 
1rbid. 
2Larry Zide, "Sound Ideas," American Record Guid~, 
September 1958, p. 83. 
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The RCA cartridge differs from the continous-type cart-
ridges in that it has two spools. The continous types are 
loaded vrit h a special friction-free tape (often lubricated 
vJith graphite) since the tape must rub against itself as the 
reel revolves, and also pass through a tv.rist, or mobius loop. 
The tape is fed from the middle of the spool on the continous 
cartridges, and in pulling away from the reel hub, imparts a 
rotating motion vrhich ir.Jinds the tape up on the out side of the 
reel. As the tape is continually pulled from the center and 
wound up on the outside, any one spot on it will gradually 
work its way from the outside to the center where it leaves 
the reel, passes across the pickup heads and then is again 
wound on the reel. This continues endlessly.l 
The small spools of the RCA-type cartridge have not been 
provided with flanges, for the cartridge body holds the tape 
on the hubs. The tape feeds from one to another, and upon re-
versing, back again. Holes along one edge of the cartridge 
fit the heads of the playback machine, with a hole at each enc 
for the two capstans to fit into the cartridge and pull the 
tape al~ng. A locking device is incorporated to prevent tape 
movement while the unit is off the playback machine. It re-
leases the tape \'rhen the cartridge is inserted in the special 
player. 2 
l"Tape Cartridge Developments," .QE.• cit., pp. 26-27. 
2Ibid •• , p. 27. 
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On the record and playback machines, the cartridge in-
sertion also depresses a lever which prevents the machine 
from being switched to the record position accidently and 
erasing the expensive tape. This function can be over-ridden 
when the user wants to record intentionally. Special windows 
in the cartridge body permit visual monitoring of the tape 
remaining on both hubs. 1 
The speed is 3 3/4 ips, exactly half of the ?k ips speed 
which now is generally accepted as the slowest speed consis-
tent with high fidelity requirements. The slow speed reduces 
the loudness of the music relative to the attendant noise 
(signal-to-noise ratio). The narrovmess of the tracks cuts 
it more, and the slow speed makes it difficult to get strong, 
clean high frequencies. 2 
If the range of frequencies -v:ere restricted to a top of 
10,000 cycles, the music could be recorded at a higher volume 
before the tape overloaded and became distorted. This would 
solve the noise problem and produce a tape cartridge excel-
lently fitted to succeed as a medium for popular music and on 
less expensive home systems which are not strong in the high 
frequencies. This is not an acceptance of mediocrity. Music 
with such a range can sound quite good, if distortion and 
noise are held dov..rn and the balance of highs and lows is 
1
"RCA' s 4-Track Stereo Cartridge," Radio-TV News, August 
1958, p. 80. 
2Robin Lanier, ''What's In Store for Stereo Tape?," 
Modern Hi-Fi, Summer 1959, p. 80. 
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good. 1 
Only on top fidelity systems does the last band of over-
tones, from 10,000 '..:cps on up, have any significance. They 
add some clarity and "bite," but even here, if the tweeter 
speaker is not completely free of distortion and peaks, those 
super-high frequencies can become very harsh. Some experts 
such as the Bell Laboratory engineers, have found that stereo-
phonic reproduction with a somewhat restricted top range can 
": 
be as good or better than wide-range monophonic reproduction.~ 
Few home-type tape recorders achieve really first-rate 
performance at 3 3/4 ips. This is often due to the increased 
wow and flutter accentuated by the slower speed. However, thE 
7~ ips speed was once regarded much as the 3 3/4 ips speed is 
today. This was when the standard speed was 15 ips, but im-
provements in magnetic heads with narrower gaps, more effi-
cient equalization, and smoother tape drives, made a flutter-
free response of 30 to 15,000 cps possible at 7~, and now the 
faster speed is used mainly in commercial recording for ease 
of editing in master tapes. 
After hearing the new RCA cartridge at the convention of 
the National Association of Music Merchants in Chicago in 
July 1958, Bert Whyte had this opinion: 
Looking to the future, I can see where 3.75 ips 4-
channel tape properly recorded and with all technical re-
sources fully exploited in its reproduction, will cer-
tainly be big competion to the stereo disc. The argument 
of handling put forth as a particularly attractive aspect 
1Ibid. 
2Ibid. 
of the stereo disc does not have much weight in the face 
of the equally easy handling of the cartridge form of 
this new tape, ~ich can be likened to magazine-loading 
movie cameras.l 
The frequency response was found by vlhyte to be "not a 
squeak past 5,000 cps." Victor did not have their machine 
ready for the convention sho'\'ling, but Motorola had one. The 
"Achilles' heel" of the matter is the duplication problem. 
It is difficult enough to duplicate t'V'ro-track stereophonic 
tapes, compared to the ease of pressing out thousands of LP 
records from stanpers. However, the four-track tape presents 
even more duplication problems. Ampex announced also in July 
that they were working on the dubbing equipment. 2 
The price of the cartridges is designed to compete with 
stereo discs at $4.95 for 22 minutes of recorded rnaterial, to 
$9.95 for 60 minutes. 32 new releases were forthcoming from 
RCA Victor, V'dth its enormous stable of top-name musicians.3 
HoV'rever, by July 1959, they still were not available to the 
public. The tV'~ machines announced by RCA Victor were priced 
at $295 for a semi-automatic model, and $450 for a fully auto-
matic self-reversing machine.4 Pentron announced a tape cart-
ridge machine in October 1958. It operated at both 7~ and 
3 3/4 ips, and played standard reel tapes in either monaural 
. 
1Bert Whyte, "Sound on Tape," Radio-TV Ne";s, October 
1958' p. 136. 
·
2Ibid. 
3"RCA's 4-Track Stereo Cartridge," £E.• .£ll., p. 80. 
4zide, 2E.· cit., p. 83. 
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or stereo also. Five push-button controls operated it and a 
VU meter showed recording levels. All Pentron machines made 
since August 195S handled both 3 3/4 four-track stereo tapes 
1 
and 7! two-track tapes. 
The four-track Ampex Universal A 900 machine next came 
on the market. It played the two-track and four-track stereo 
tapes and had an automatic shut-off at the end of the reel. 
However, it did not handle the cartridges, only tape on reels 
A demonstration tape included with the machine sampled variou: 
sound effects and musical selections at the slower speed. 
The writer found the reproduction lacking greatly in the high 
frequencies, but otherwise good. Hi-Fi Recordings, Inc., 
brought out many of their albums on 3 3/4 four-track reels at 
$6.95 instead of $11.95 for the 7i speed. This was the only 
company vdth four-track tapes to demonstrate at the fall 195S 
New England Hi-Fi Show in Boston's Hotel Touraine. Music re-
leased included percussion music and Dixieland -- program 
material capable of good reproduction even without freedom 
from flutter and a complete high end. The writer finds the 
absence of such material as piano music or full symphony or-
chestra an admission of the fidelity problems at 3 3/4 ips. 
Dissension was created among the four-channel tape manu-
facturing companies regarding the adoption of a standard four-
channel magnetic head configuration. The advocates of the 
1
"Hi-Fi Audio Product Review," Radio-TV News, October 
l95S, p. 90. 
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reel-type four-track machines. The issue of "compatibility" 
was again discussed. One of the parties involved had made an 
error in some measurements of the proposed heads, and it 
turned out that there oould be at least partial compatibility 
the ne"Vl four-track tape machines would also play regular t"Vm-
track tapes, but there seemed to be no way of converting pre~ 
ent stereophonic machines to play the cartridges, aside from 
simply removing the tape from the cartridge after purchase, 
and putting it on a regular reel. 1 The Shure company also 
marketed a four-track playback head, and Ampex announced an 
adapter kit for playing the 3 3/4 reels, at about $70. 2 
The Tape Enthusiasts' Problem 
By December 1958, owners of tape machines were becoming 
worried about the obsolescence of equipment and the lack of 
new stereo tapes at the 7~ ips speed. A few months prior to 
that time some 40 or 50 tapes per month vlere being released, 
now the stream had dried up to a mere trickle of a few tapes 
a month. Audio enthusiasts were beginning to wonder where 
the four-track tapes and machines were. There vrere none at 
the Fall New York Hig,b. Fidelity Shovl. It seemed to be the 
familiar "chicken and the egg" situation: release of tapes 
depended on sale of machines to play them, and sale of ma-
chines depended on on release of tapes. Interest in the 7! 
lsert Whyte, "Sound on Tape," Radio-TV News, August 
1958, p. 104. 
2Ibid., July 1958, p. 102. 
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speed was still strong. Whyte bel~eved it would go on exist-
ing indefinitely side by side with four-track 3 3/4 tape. 1 
Another solution to the problem promises to satisfy that 
prediction. This is the release of four-track stereo tapes 
at the 7~ ips speed, on reels. Perhaps the decision to bring 
out this product was prompted by an announcement made in the 
early spring by Ampex Audio President Phillip Gundy. No cart-
ridge machine 'WOuld be produced in 1959, according to the 
official announcement. Ampex engineers felt further develop-
ments were necessary before satisfactory quality vmuld be 
achieved. So far, they found the quality of cartridge re-
production below that of stereo discs, v;i th which it was to 
compete. 2 
I~y manufacturers are convinced that four-track stereo 
tapes at the 7~ ips speed will be popular. It offers excel-
lent dynamic range and superior frequency response character-
istics when compared to 3 3/4 ips. The first companies to 
release the four-track 7 ~ tapes were the Stereophonic Music 
Society, Omega, and Mercury) Revie·wer John Thornton found 
the first SiviS release, "Flov,rer Drum Song," at $7.95, ttevery 
' bit as good as conventional half-track • • • The sound is 
crisp, the dynamic range is \'d.de and full, and reproduction 
1Ibid., September 195S, p. 94. Also October 195S, p. 
13S,and December 195S, p. 133. 
2ncrosstalk," Tape Recording, April 1959, p. 10. 
3oliver P. Ferrell, "The Flip Side," Hi-Fi Review, July 
19)9' p. 82.. 
102 
~ over-all is as faithful as I have ever heard on the best of 
regular stereo tape."1 Another reviewer, while noting little 
difference by ear between four-track reproduction at 3 3/4 
and 7~ ips, called most of the four-track releases "top grade 
fidelity.n2 
The situation in stereo tape standards as of Spring 1959 
~as discussed at length in an editorial in Tape Recording: 
There has been a lot of talk about "confusion" in 
the tape recorder industry. We have been looking into 
this very carefully in the last month or so and we think 
we have found the reason.· It stems from stories pub-
lished in the trade press, and else"V;here which play up 
the things to come as if they were here and with the ap-
pearance of the stereo disc some dealers mistakenly 
thought that stereo tape '\l'ras through ••• 
A lot of this "confusion" talk has come about since 
RCA announced that they were gping to bring out tape in 
a cartridge. This announcement was made over a year ago 
and it still is not on the market -- nor is there any in-
dication when it will be. The attitude was taken in some 
quarters that when this appears, the reel-to-reel re-
corders would be ••• out-of-date ••• This line of 
reasoning is false. • • • 
Are you goi:qg to wait until tl).e ultir.aa.te ••• 
arrives. You know you're not ••• Any ind.i vidual or 
dealer who sits on his hands waiting for the ultimate 
tape recorder to come will go to his grave ~~thout one 
• • • 
Let us suppose that the RCA cartridge makes its ap-
pearance in the near future. Will this mean the end of 
reel-to-reel machines? Definitely not! ••• 'ilill RCA 
have the ultimate tape recorder in their cartridge unit? 
••• We don't thinkso ••• Someone \'lill be out vd.th a 
competitive unit and, ••• a way to play reels on the 
cartridge machines and cartridges on the reel machines 
• • • The newest thunder on the horizon is the four track 
machine using reels. Five manufacturers now have four 
1John Thornton, "The Stereo Reel," Hi-Fi Review, July 
b-959, p. 57. 
"New Tapes," Tape Recording, June 1959, p. 6. 
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track machines available ••• 
Two track tapes can be played on four track ma-
chines. This means your present stereo library will not 
be obsoleted • • • As four track recorded stereo tapes 
become available • • • they will be cheaper than two 
track. For the present then, you can get two track 
stereo tapes to play on the machine. There are over 
1,000 different tapes on the r~rket and estimates place 
the number of two track stereo machines capable of play-
ing them at 500,000 ••• Since most machines play both 
3 3/4 and 7h ips the speed question is academic. At thi~ 
writing 7h ips is still best. 
• • • And finally; last year, according to figures 
released by the J:viagneti c Recording Industry Association, 
450,000 tape recorders were sold! ••• Webcor reports 
recorder sales 52% ahead of last year for the first 
three months of 1959. Sales were actually 31% more for 
this period than during the Christmas season. If this 
is "confusion" let's have more of it.!+ 
At time of writing, the situation Shows signs of a two-
way solution. The four-track tapes are beginning to sell, 
in both the 3 3/4 and the 7h ips speeds, to serve tvlO differ-
ent types of music fans. Andy Lorant, of Bell Sound Systems, 
framed the situation this way: 
I think a lot of people are missing an important 
point about that RCA cartridge. In my opinion, that 
cartridge system is aimed at and will find the widest 
acceptance by a mass market. Opposed to that and exist-
ing alongside of the mass market is the audiophile • • • 
RCA wants to sell him, too, but I don't believe that's 
· the primary market for the cartridge. I think the hi-fi 
fan is going to want his recorded tapes on open-reels 
that play at 7! inches per second. It's axiomatic that 
you lose quality and fidelity by cutting the speed in 
half and the cartridge plays at 3 3/4 inches per second 
••• I think the cartridge will compete more with disc 
recordings than it will with open-reel tapes at 7! ips.2 
lncrosstalk," Tape Recording, l~"Iay 1959, pp. 3, 5. 
2Quoted in Ralph Frease, "Audio Feedback," The Billboard, 
June 1, 1959, p. 16. 
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Herbert L. Br~m, Vice-President and manager of Ampex 
Audio, and recently elected president of the Iviagneti c Record-
ing Industry Association, announced on May 20, 1959 that pro-
ducers of stereo tapes had declared themselves almost unani-
mously for the four-track 7~ ips recorded tape system and 
would have 150 four-track titles ready for the National Asso-
ciation of Music Merchants (NAivil'•n convention in Nevl York on 
June 22. They are beginning crash programs to convert their 
two-track library material to four-track. 1 
Most of the recorder nanufacturers are readying four-
track models for the NAl',lli show. Many of the companies have 
conversion kits varying in price from $20 to $75. The indus-
try is eager to see conversions take place, and emphasizes 
to consumers that the conversion cost is self-liquidating 
because of the savings effected in being able to play the 
four-track tapes which are about $4 cheaper per reel than 
tv-To-track tapes. 2 
RCA Victor was not joining the plunge into 7~ ips four-
track tape production due to its preparation of the long-
awaited 3 3/4 ips cartridge machine for the NAMlVI convention. 
Other firms who have cartridge players vdll join them. RCA's 
strength in the situation is their ability to release out-
lrbid; also C. G. McProud, "Editor's Review," Audio, 
June 1959, p. 14. 
2Ibid., "Cost of Conversion to 4-Track Tape Vary," p. 14. 
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standing items from their album catalog on tape cartridges. 
This has s1:v-ayed many recorder firms to their way of thinking. 
Therefore there should be no quality fight betv;reen the pro-
ducers of the open-reel four-track 7! ips tape and those 
making the 3 3/4 cartridges. Fraese believes that the high 
fidelity fan will buy the open-reel 7~ ips material. The 
people who buy the cartridge players won't be that discrimin-
ating in regard to specifications. They v-dll buy the easy-
to-handle cartridge concept and initiate a return of tape 
to the position in sales that it tad before the stereo disc 
came on the market. 1 
lFrease, "Audio Feedback," 2E• cit., p. 16. 
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CHAPTER V 
STEREOPHONIC SOUND ON LONG-PLAY DISC 
Advantages and Disadvantages of Discs 
When magnetic tape reccrding appeared as a practical 
medium, many experts in the field predicted that it would 
eventually out-date discs. However, this has not happened 
yet and probably will not. The early tape recorders could 
produce a dynamic range far better than the disc records of 
that time, the early long-playing type. However, modern de-
velopment of the LP disc has brought us to the stage where a 
good disc can produce at least as great a dynamic range as 
the best tape. The dynamic range of either tape or disc can 
be improved: on discs, by having a greater modulation width 
of the recording groove; on tapes, by having a greater m~xi­
mum magnetic density by increased tape width or speed. There-
fore, the argument that bases itself on considerations of 
dynamic range proves itself inconclusive 1,·.Jithout taking into 
account the other factors aside from the simple choice of 
tape or disc .1 
A big advantage of tape is its long-playing time. By 
using the ~-mil tape now available, two hours of top-fidelity 
1Norman H. Crow hurst, Stereophonic Sound, { Nev-1 York: 
John F. Rider Publisher, Inc., 1958), pp. 60-61. 
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music at a speed of 7~ ips can be contained on a single 7-inch 
diameter four-track stereo tape reel. The most material that 
can be contained on a 12-inch stereo disc is limited to about 
one hour, and fev1 companies relish the technical problems of 
squeezing so many grooves onto a disc, preferring to limit 
the length to about 20 minutes per side. 
The advantage of the disc recording is the readiness 
with which a certain passage may be selected. The run-on 
grooves between selections on a disc enable it to play con-
tinuously until the end, yet it is simple to pick out a partie 
~lar section at a moment's notice. Simplicity of use goes 
along with the ease in selection of music. At present writ-
ing, even the most conveniently arranged reel-type tape ma-
chines present more loading problems than a phonograph. 1 
Experimental Stereo Disc Systems 
La Prade discussed in 1947 the possibility of stereo re-
cording on disc: 
Always a possibility, though not, apparently, very 
imminent, is the stereophonic phonograph recording. It 
has been produced in the laboratory, but it seems un-
likely to progress much farther until-there is some de-
mand for it on the Jllrt of the public. ·Stereophonic re-
cording, like stereophonic broadcasting, is caught in a 
vicious circle: it cannot be justified economically un-
til the public '\!'rants it, and the public cannot be expectee 
to want it until it has had a chance to try it.2 
COOK: The public did mve a chance V"~ith the Cook stereo 
lrbid., p. 61. 
2Ernest La Prade, Broadcasting Music, (Ne'\·;r York: Rhine-
~ardt and Company, Inc., l944), pp. 216-217. 
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discs, and found them hardly worth the effort that it took to 
play them. Interest in this process did not fall off suddenly 
however, By 1956 there were about 75 of the "binaural" discs 
still available, produced by several small companies besides 
Cook himself. Otre r reasons for the lack of acceptance than 
the difficulty of use were offered by Kendall. The expense 
of duplication, much as "!JJ.Ti th tapes, was thought a reason. He 
wondered whether enough people considered the benefits worth 
the added expense. Also, the repertory of binaural record-
ings was limited until sufficient demand should arise. 1 
Emory Cook had experimented 't'Jith other types of binaural 
recording before bringing out his two-groove binaural disc. 
Among the designs he by-passed were: 
(1) Recording on opposite sides of the disc. This was 
not considered practical because the record stampers ,,Tere dif-
ficult to center and align in the presses, and a vJholesale re-
design of the playback turntables would have been necessary. 
( 2) Recording 1tJi th interleaved grooves. This would 
have been costly to record, to play back, and would have 
needed special equipment. 
(3) The single sideband carrier system. This system had 
such a restricted frequency range in each channel at this 
stage of development that it was not acceptable from a fidel~ 
ity standpoint. 2 
lwilliam J • Kendall, Hi-Fi Handbook ( NevJ York: Thomas Y. 
Crowell Company, 1956), p. 151. 
2Emory CookJ..:-"Recor~ing Binaural Sound on Discs," Tele-
Tech, Novanber l':I.:.J2, o. 10. -
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By 1957, it was said that Electrical Musical Industries 
of London had solved the stereo disc problem. Two stylii of 
very small radii were used, but instead of follov'ling separate 
grooves, as in the Cook system, they picked up modulations on 
either side of a single groove, at right angles to each other, 
The 16 rpm speed was used so that it would give an adequate 
amount of time on one side of the discs. This was called for 
because the two-stylii system needed rlluch vfider grooves, whicl 
took up more room. Evidently publicization of this develop-
ment v-Tas premature, for no mention of it v-ras heard again in 
the ensuing rush for a standard stereo disc rnethod.l 
VL: An engineer from Bing Crosby Enterprises, Incor-
porated, described a single-groove system of stereophonic 
disc recording similar to Blumlein's method2 in October 1954. 
The system was called "VL," the letters standing for vertical 
and lateral, since the single groove contained both of these 
components in it. In the late 1930's the vertical-cut system 
became popular, especially for radio transcriptions. Higher 
quality, longer playing time, and better quality could be 
gotten by inscribing the grooves vd. th a 11hill-and-dale" pat-
tern rather than motion from side to side. The old Edison 
heavy disc recordings were also of the vertical type. 
The new stereophonic cutter inscribed vertically from 
the first channel signal and laterally from the second chan-
nel. Two varieties of universal-type phonograph pickups used 
lBert \'/hyte, "Certified Record Revie,·J," Radio-TV News, 
March 1957, p. 48. 
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in broadcasting studios could be easily re~:ired to play the 
VL recordings, and an inexpensive home-type pickup could be 
also designed. There was some crosstalk in the system, but 
undistorted crosstalk would not be objectional since it would 
only reduce the apparent separation of the speakers. The 
system was automatically compatible. 1 
MINTER: Jerry B. Minter, president of Components Cor-
poration, announced his own stereophonic disc method in Nov-
ember 1957 and demonstrated a model in January 1958. 2 Called 
the Minter Stereo Disc, or MSD, it used no mechanical changes 
in the stylus or the record groove. Instead it 
••• utilizes carrier multiplex above the audible 
spectrum to record the "difference" information which re-
sults '\men the t-vvo stereo channels are subtracted vec-
torially. The vector sum is recorded normally and simul-
taneously 1·rith the FM carrier. Of course, the resulting 
groove resembles a normal lateral recording except that 
there is a superimposed 25 kc. carrier of moderate 
level. • • • 
1 Since the vector sum of two stereo channels is the I 
normal monru ral "mix" -- the audible lateral groove mod-
ulation of the MSD system is fully compatible with exist-
ing monaural records. The MSD can be played monaurally 
with any LP pickup in good working order 'lflithout damage. 
It can be played stereophonically vii th v.1. de-range mon-
aural3pickups with the aid of an auxiliary converter. 
• • • 
The converter, called the "Stereo-Vertor" is still avail-
~ble from Components Corporation at time of 'V'rriting, but the 
1John T. Nullin, "Monogroove Stereophonic Disc Record-
ling," Journal of the AES, October 1954, pp. 249-251. 
2Jerry B. l'1inter, "Stereo Disc Recording Methods," Radio-~V News, October 1958, p. 66. 
3Ibid., p. 112. 
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TABLE 1 -- CHARACTERISTICS OF STEREO DISC RECORDING SYSTElviS 
Name Groove Compatible Pickup Playtime Vertical 
Rumble 
Cook 4•-il- yes standard less than no (two) half ~ ~ ( ~ 
left right 
Vertical-~ no special slightly yes 
lateral $ Hright (except shorter except 
MSD 
45/45 
left with with 
CBS) (CBS) 
rig~ftf yes standard same no 
~ 
FM carrier 
-1' 
~ I 
.} Jl yes special same yes*>:~ 
,., V '::tl right and lef no* 
* - 45/45 discs can be played monophonically only 
with a highly compliant cartridge, preferably 
vd. th a • 7 mil stylus. Othenlis e discs will be 
damaged. 
** - Vertical rumble in 45/45 discs is evenly dis-
tributed and easily corrected. (Infra p. 1 ~'·) 
(Adapted from :r.tlinter, "Stereo Disc Recording Methods," 
Radio-TV News, October 1958, p. 67.) 
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system was by-passed in favor of another, :probably because of 
the added expense of the converter, which certainly would not 
allow the manufacture of $29.95 stereo phonographs, as exist 
now with the 45/45 system. Minter compared and diagranuned 
the properties of the four main types of stereo disc systems, 
which may be seen in Table 1. He did not make comparision of 
the frequency response, harmonic distortion, or signal-to-
noise ratio of the various systems, however, because of vari-
ability in testing equipment and methods. 
CBS: l\1arch 1958 saw the introduction of the Columbia 
system of stereo disc recording invented by Dr. Peter Gold-
mark, creator of the modern long-play record. It was basic-
ally a variation of the vertical-lateral system already dis-
cussed and is the ref ore considered along with that system in 
Table 1. The CBS system claimed complete compatibility with 
standard pickups because the vertical component was limited 
by a high-pass filter in the "difference" channel to 1/10 of 
the lateral movement. This also cut the vertical rumble. 1 
The 45/45 System 
At the Audio Engineering Society convention in October 
1957, the new Westrex 45/45 stereo cutter made its debut and 
launched interest in the system that was destined to win out 
over all others. The Westrex #3A cutter was the result of a 
crash program put through by the company after RCA Victor had 
noted the European work on stereo disc cutters and had told 
~inter, 2£• £!1., p. 112. 
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~ Westrex point-blank to get a cutter fast or abandon the cut-
ter business. The final result was unveiled in October, but 
could not erase the European lead. The Connoisseur stereo 
system was being demonstrated in London, the Ortofon stereo 
recorder in Copenhagen, and in Hanover, Germany the Teldec 
(Telefunken-Decca) system was exciting engineers and music 
people. 1 
The stereophonic ~sc cutter consists essentially of two 
electric motors mounted at right angles to each other, each 
trying to push around t~e same sharp engraving stylus. Where 
the stylus tip will end up at a given instant in the recording 
is dependent upon the forces of the two motors, each of which 
is controlled by a separate input. Since the groove motion 
of the 45/45 disc is at a 45° angle with respect to the sur-
face of the disc, the driving motors of the cutter may also 
be mounted at 45°. Some cutters, such as the Teldec, have 
their drive elements mounted vertically and laterally. They 
then use electronic modification of the audio signals to pro-
duce an effective 45° modulation of the groove. This cutter 
is used for all London stereo discs, and has produced consist-
ently the best stereo discs thus far. Other American engi-
neers who have developed stereophonic cutters for the 45/45 
system include stereo~disc pioneer Emory Cook, Rein Narma of 
Fairchild, and Peter Bartok. 2 
lnonald Carl Hoefler, "Heart of Stereo," Modern Hi-Fi, 
Summer 1959, p. 66. 
2~., pp. 67, 78. 
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DETAILS OF MONO AND 
/ '"'""' '"~TERID RECORD GROOVES 
~-~-':#f·~·;·~a 
l ·--r+---~ RECORD GROOVE 
Channel A-+ 
RECORD GROOVE 
Westrcx 45° ~tereo disc 
Vertical cut 
Figure 13 
(From Lieberman, .,The Promise of Disc Stereo," 
H1fh Fidelity, February 1958, p. 45.) 
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The heart of the reprodu. cti on system is the stersophonic 
cartridge. It has a double function in receiving two sets of 
movements at once from the single record groove. These it 
must unscramble and direct as two separate signals into sepa-
r~te amplifier circuits. Because of the complex nature of 
the groove, (See Figure 13) the armature that holds the sty-
lus must be of an extremely flexible quality. 1 This is 
called compliance. It is ala:> extremely important in the 
problem of compatibility, because a stereo disc may be dam-
aged if the monophonic cartridge used to play it is not very 
compliant. 2 For this reason Crowhurst thinks it would be 
better not to claim the second form of compatibility -- that 
standard pickups will play stereo discs ruonophonically 'VIri th-
out harm. He suggests that record companies should in their 
own interest continue to issue 1::o th types of recordings which-
ever recording system is chosen. The recominendation that 
stereo discs be played only ~~th a stereo cartridge is a good 
solution.3 
The radius of the stylus tip used to play monophonic LP 
records is one mil. The radius of the stereo stylus tip is 
smaller -- u rually • 7 mil. The smaller size is necessary to 
get full response of the higher frequencies in the stereo 
lnThe Stereo Record and Its Player," Audition, Section 2 
September 1958, p. 9 •. 
2rvrinter, 2£· cit., p. 66. 
3crowhurst, ttSirt..gle-Groove Streodiscs, 11 Radio Electron-
ics, January 1958, p. 56. 
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groove .1 Another reason is the space factor • The cutter has 
to go deeper into the record to record the vertical component 
properly. Since it is chisel-shaped, it ~idens the groove as 
it goes deeper. 2 Then the grooves must be spaced farther 
apart to avoid over-cutting or having the playback stylus re-
produce the sound of adjacent grooves to the one it is track-
ing. The .7 mil stylus has solved these problems to such an 
extent that recent Columbia classical stereo discs regularly 
contain 32 minutes of excellent-quality music per side. The 
.7 mil stylus plays monophonic records perfectly, often w~th 
better frequency response than the 1 mil tip. The only dif-
ference is that it rides slightly lower in the v-shaped 
groove. 
Another difference between monophonic and stereophonic 
pickup cartridges is the generally loirver tracking weight of 
the.latter. A standard stylus irJi th a normal 7 grams pressure 
exerts a force of approximately 20,000 pounds per square inch 
at the point of contact with the record. 'Vlith a • 7 mil sty-
lus, the point of contact is smaller and the force conse-
quently even greater. To keep this force do I'm, and to prevent 
wearing of the record grooves, the stylus pressure must be 
reduced. Nost of the component high-fidelity stereo cart-
ridges recommend a fer ce of about 3 grams, ·vii th some as low 
as i gram (the vveathers). "Package set" designers have 
lnThe Stereo Record and Its Player," 91?.· cit. , p. 9. 
2
crowhurst, "Single-Groove Stereodisc," 212.· cit., p. 56. 
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attempted to hold the force down to about 4 or 5 grams,l but 
in order to make the record changing mechanism operate pro-
perly, the pressure is usually increased above this amount, 
with resultant wearing of the delicate stereo discs. 
In a talk to the Radio andTelecon~unications section of 
the Institution of Electrical Engineers, in Britain, H. A. M. 
Clark described disc stereophony and expressed the hope that 
the 45/45 system would be chosen as standard because noise 
and distortion were averaged between the final left and right 
channels, a situation not found in the VL system. 2 Crowhurst 
said that with better cutting r:1ethods and rumble-free turn-
tables and record changers, there need be no distortion.3 
Another problem in making the stereo disc is that of 
crosstalk. This is defined as undesired reproduction on one 
channel of audio information intended for the other channel. 
On good stereophonic tape heads, it is on the order of about 
40 db. Record cartridges are not as good, ·with a rating of 
20 to 25 db about the best thus far. However, more separa-
tion is really not needed to give the stereophonic effect.4 
Crosstalk depends on two things: the \tay the original 
tapes were made (the kinds of microphones, their placement 
lnThe Stereo Record and Its Player, n £E.• cit., p. 9. 
2H. A. 11:1. Clark, "Stereophony on Disc," Engineering, 
April 4, 195S, p. 44$. · 
3crowhurst, "Single-Groove Stereodiscs," £E.• cit., p. 56. 
4Herman Burstein, "Stereo Glossary, n Radio-TV News, 
October 195$, p. 70. 
11$ 
and combination}, and future cutter and pickup development. 
Any deviation from the 45° angle either way increases cross-
talk, so cutter and pickup must be carefully aligned. The 
crystal and ceramic cartridges which have become popular for 
lower-cost stereo systems are not as good in separation of 
the two channels as the magnetic-type cartridges. 1 
The mechanical moving parts of the stereo phonograph 
pickup present difficulty in producing a uniform frequency 
characteristic. The supporters of stereo tape achieve higher 
quality because the playback l:!eads have no moving parts. 
Some of the disheartening early work on the 45/45 system led 
others to suggest different systems. A pioneer in phonograph 
pickups found the quality of the first 45/45 discs usually 
bad, and considered them a retrogression from the fine quality 
of present-day long-play records. He suggested a system in 
which the two channels would be recorded on opposite sides of 
the disc, an idea also mentioned by Cook. 2 Weil neglected to 
mEntion the problem of playback of the discs,3 which Cook had 
considered and found impractical. 
Columbia Records' president Goddard Lieberson proclaimed 
in April 1958: 
lcrowhurst, "Single-Groove Stereodiscs," 2E.• cit., p. 56. 
2supra p. 1oq. 
3Maximillian vveil, "New Approach to Stereo Records," 
Audio, June 1958, pp. 28, 59. 
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• • • • CBS Labs recently demonstrated a brilliant 
technical breakthrough in the achievement of a compati-
ble stereophonic disc. It should be borne in mind that 
the stereophonic effect is by no means an absolute qual-
ity with rigidly specified characteristics. T•1uch re-
mains to be invest'igatid in the area of artistic taste 
and public acceptance. 
First 45/45 Discs Released 
After the demonstration of the \'lestrex 45/45 stereo 
disc system at the AES convention, engineers in all major 
U. S. recording companies had begun plans for entering stereo 
at a later date. Had all gone according to normal procedure, 
interest in stereo would have developed slowly and logically. 
However, Sidney Frey, president of Audio Fidelity Records, 
saw to it that the floodgates of stereo \'Jere opened. 2 
Mr. Frey had decided that stereo was just what his com-
pany, already built upon super-high-fidelity recording stand-
ards, needed to make sales rise. He asked \'lestrex to cut a 
stereo-disc master using pre-recorded stereo tapes from his 
company's library-- train SJunds, Dixieland, and other noisy 
subjects. The discs were to be used only for experimental 
purposes, and Westrex took the precaution of ensuring this 
so they thought -- by inserting bands of noise and silent 
sections in the selections. But this did not stop !vir. Frey. 
He took the Westrex master disc, pressed commercial copies, 
lnstereo Race Adopts Color TV Semantics," Broadcasting, 
April 21, 1958, p. 72. 
2Louis E. Garner, Jr., "Stereo Then and No'lt-r," Radio-
Electronics, March 1959, p. 54. 
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and issued them to equipment manufacturers for tests •1 
Next lv.ir. Frey advertised four Audio-Fidelity "Stereo-
Discs" (brand name) in the high fidelity magazines as avail-
able to the public. The editor of Audio was not angered by 
Mr. Frey's action. To the oontrary, he complimented Audio 
Fidelity for the step they took, and said that no one else, 
as of April 1958, seemed willing to do anything: 
On the whole, the entire story of stereo discs has 
been handled vrlth as little finesse and as little sense 
of good merchandising as possible. If the intention had 
been to confuse everyone, discourage sales, and put the 
entire industry into a tailspin, it v;ould seem that no 
better method could have been worked out . • • The con-
sumer hears all about stereo discs but finds out he can'1 
buy any, so he just doesn't buy anything •••• Here's 
hoping the small record companies have themselves a ball 
and press -- and press and release -- stereo records 
like crazy.2 
At an industry exhibit in New York's Astor Hotel on 
April 17, 1958, Hallmark stereo phonographs and recordings 
were demonstrated. The system was not explained, but the 
discs v:ere said to be non-compatible. At the same time Mag-
navox unveiled nev,r component kits to convert Magnavox equip-
ment to stereo. The Sonotone Corporation began tooling up 
for production of single-stylus ceramic stereo cartridges. 
Other companies were reportedly 'IJ\ro rking on the tvrin-stylii 
method mentioned previously.3 
lrbid., p. 55. 
2c. G. IVIcProud, ttEditor's Review," Audio, April 1958, 
p. 16. 
3nstereo Race 4.dopts Color TV Semantics," .2E.• cit., pp. 
72-73. 
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For a time, it looked as if the confusion of the 45 rpm 
versus 33 l/3 rpm discs would be repeated with a fight over 
the standard stereo recording system. However, the industry 
remembered the loss of public confidence resulting from the 
earlier disagreements. Industry historians commented on the 
similarity of the situation to the battle for color televi-
sion in regard to the use of the vlords "compatible" and "non-
compatible." Complete compatibility was seen by the record 
dealers as an economic threat because it would cause their 
stock of monophonic LP's to be depressed in value. Record 
equipment manufacturers wanted a decision in a hurry so that 
they could produce new sales in the Fall 1958 market. 1 
Which one of these reasons played the biggest part is 
not knovm, but the Westrex system of 45/45 stereo disc was 
adopted as the industry standard. 2 The Record Industry of 
America, previously limited in a definition of high fidelity 
due to that term's subjective values, now found and proclaimec 
a concise definition of stereo: 
A true stereophonic disc record has tvm distinct 
orthogonal modulations derived from an original live re-
cording in which a minimum of tv'JO separate channels were 
employed.3 
Events nov; moved swiftly. The British took the first 
lrbid., p. 72. 
2Garner, 2£· cit., p. 54. 
3Frqm liner notes to Kapp LP stereo "sampler" disc, "The 
World's Great Iviusic in Stereophonic 'Total Sound,"' KC-9031-S. 
I 
II 
122 
big step in making stereo discs available to the public. The 
PYE group ·Of companies put out stereo discs in May 1958. The 
BBC cooperated during Radio Week that same month by doing se~ 
eral stereophonic broadcasts. The discs, cut with the 45/45 
system, were available in 10" and 12" size at 33 1/3, and in 
7" size at 45 rpm. They cost about 25% more than monophonic 
records. Two "package set" stereo systems were placed on the 
market at the same time by members of the PYE group. The PYE 
set cost $171 and the Pamphonic system, brought out in June, 
$228. 1 
At a New York neV>rs conference in June 1958, RCA Victor 
showed a full stereo line of merchandise including 55 discs, 
15 phonographs, and 7 auxiliary speaker systems. George R. 
~~rek, vice-president and general manager of RCA Victor Rec-
ords, predicted that stereo disc sales alone might add 20% 
to record sales volume for the entire industry in another 
year. 2 At present writing,that year has just passed and 
Marek's prediction proved to be almost exactly right. The 
Victor discs were priced at $5.95, and the stereophonic pho-
nographs started at $129.95. Other companies showing in June 
1958 included Zenith, Ampex, and Admiral. The Admiral line 
included both one and two-unit consoles, and also a stereo 
lttAvaiJable Stereophony," Engineering, May 2, 1958, 
p. 576. 
2
ustereo Gear Takes Ind.u stry Spotlight," Broadcasting, 
June 9, 1958, p. 89. 
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portable. Admiral spokesmen predicted a 25% increase in 
sales for the high fidelity industry, adding that since only 
4% of U. S. homes were equipped with hi-fi, there was an un-
limited sales potential.l 
At the July 1958 convention of the National Association 
of Music Merchants in Chicago, the stereo disc was more or 
less officially launched. The Radio-TV News reviewer refused 
to review any of the new stereo discs in September because 
he felt that what he had heard was not representative of -vrhat 
would be offered in a short time. He stressed that this 
statement was not to be construed as derogatory of the new 
discs. On the contrary, some of them, being almost nhand-
made," with a lot of time and patience, may have sounded 
better than production copies, he said. 2 
More than a quarter of the 235 exhibitors at the NAlVIM 
convention had stereo equipment on display. In general, con-
vention opinion did not agree on matters of sales information 
The short span of time that stereo had been on the market was 
not enough for all manufacturers to determine whether their 
fall sales would be heavier in one-unit package sets or in 
component ~stems.3 
The launching of the stereo disc was criticized by some 
1Ibid. 
2Bert '~:lhyte, "Certified Record Revievr," Radio-TV News, 
September 1958, p. 134. 
3"Big Stereo Push Coming," Electronics, August 15, 1958, 
p. 14. 
124 
~Titers. One reported that as the prime feature of the con-
vention, the stereo disc met with unqualified acceptance and 
was seen as a sort of merchandising panacea, the new Pied 
Piper that could lea.d the industry into another boom. fv'T..any 
of the phonographs on display were found to have character-
istics that would not be tolerated in monophonic sets; the 
speakers were too close together to gain any directional ef-
fects. The mysteries of the ne~r vfestrex cutter were far from 
solved, and the new discs had much lov-rer volume levels than 
monophonic discs, and therefore reproduced more noise and 
distortion when the volume was increased. 
Other problems, while noticeable in monophonic reproduc-
tion, now became gross exaggerations with stereo: These in-
cluded rumble, which the vertically-sensitive pickups pro-
duced from the less-than-silent record changer motors; a 
s1rJishing sound caused by off-center spindle-holes on the 
discs; and a cyclic type of sound, 1rThich was due to slight 
warpage of the discs. However, there vJere some excellent 
discs. London Records were consistently the best quality, 
due probably to their head start in stereo disc development.l 
Suggestions were offered to cure some of these ailments, 
which were not al-t.•.rays due to the recordings. B. B. Bauer 
found the difference in true high fidelity performances be-
tween monophonic and equal stereophonic equipment not nearly 
lBert Whyte, "Certified Record Revievr," Radio-TV Ne'\•ls, 
October 1958, p. 106. 
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as great as might be expected. He suggested that in order to 
minimize rumble, the mechanical feedback to the pickup cart-
ridge must be eliminated, and that good cushioning of the 
motorboard should cure much of it. To ensure a minimum of 
noise, hiss, and record scratch, the pickup should have a 
smooth, uniform frequency response, and the loudspeakers 
' should match it. He believed that if these suggestions were 
followed, the hiss level on good stereo discs "t.JOUld generally 
be inaudible, or in any event , limited only by the hiss level 
of the original master tape.l 
iJlith the latest advancement in the recording and 
processing techniques for stere aphonic records, the sur-
face noise is found to be equal to that of the best 
LP' s • • • 
Stereophonic disc reproduction today offers the in-
trinsic quality of LP record reproduction vlith the added 
realism of three-dimensional sound. To achieve its full 
potentialities the playback equipment should be designed 
using good engineering practices • • • The re\vard for 
these simple precautions will b2 an unsurpassed new ex-
perience in sound reproduction. 
Disc Stereo Advances in Popularity 
Consumer Reports offered support to stereo, but urged 
their readers caution in the welter of claims they vmuld hear. 
Decisions on equipment were found to be difficult due to the 
great variation in quality and price. Iviore than 60 different 
lB. B. Bauer, "Improving Performance of Stereophonic 
Disc Playback Systems," Audio, August 1958, p. ,3.6. 
2Ibid., pp. 36, 93. 
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manufacturers were offering stereo players in several times 
as many brands, models, and degrees of completeness, as of 
October, 1958. None of the many consumers who spent close 
to ~~400 million a year for records were expected to escape the 
word stereo. The magazine continued with a prediction that 
stereo might wash into obsolescence the better than 10,000,000 
comparatively new phonographs bought in the past few years. 1 
Advice was offered educational institutions for convert-
ing their phonographs to stereo with one of the numerous 
package units available for that purpose. Some of the pres-
ent school equipment, especially the Califone and Bogen record 
players, were found to meet the stereo requirements and con-
verted easily: 
Schools and colleges with courses in music listen-
ing, or appreciation, should also consider the possibil-
ity of equipping at least the "music room" vJith a stereo-
phonic phonograph.2 
To compete with the package set nianufacturers, makers of 
better quality hign fidelity components, such as Fisher and 
Pilot, brought out smaller packages at low cost that delivered 
higher quality stereo in cabinetry that it'Jas still pleasing in 
design. They tried to show that a stereo phonograph needn't 
1The Big Push Behind Stereo," Q.onsumer Reports, October 
1958, pp. 520-521. 
2sidney Fox, "Stereo," Film World and AV World News, 
October 1958, p. 527. 
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1 
cost an~;here near twice as much as a monophonic phonograph. 
Stereo was moving ahead in Britain too. The fourth 
Audio Fair in January, 1959, attracted 30,000 visitors in 3 
days, mainly to see and hear stereo. It was reported that: 
"Nearly every manufacturer showed stereophonic equipment --
all new units specifically designed for making the best of 
stereo. n2 
With no abatement of the stereo boom, Bert Whyte was 
moved by February _to say, "Stereo has arrived at last and it 
is only a question of time before it completely supplants 
monophonic sound. n3 Harold Schoenberg felt that it shouldn't 
be long before all the recording problems were ironed out. 
He found remarkable improvement in the early spring releases 
of 1959. It must not be forgotten, he warned, that most of 
the master tapes used in recording the early stereo discs we~ 
actually reccrded in the first place with release on stereo 
tape in mind, not stereo discs. The disc posed entirely dif-
ferent problems from tape, and the engineers did not have 
long to work on the disc's specific problems, which Schonberg 
saw as: 1) rumble, 2} surface noise, 3) low frequency re-
sponse, and 4} lack of separation. The early Westrex cutters 
1Fritz A. Kuttner and Donald J. Plunkett, "The Two Sides 
of the Stereophonic Disc," New York Times, Sunday, ¥~rch 15, 
1959, Section M, p. 10. 
21. A. Mannheim, "A Hi-Fi Fair in England," Radio-TV 
News, February 1959, p. 132. 
3Bert Whyte, "Certified Record Revue," Radio-TV News, 
February 1959, p. 122. 
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were filtered off in the high end because of distortion re-
sulting vrhen it was attempted to etch these frequencies on 
the record. Schonberg thought the frequency response was not 
as important as other values, and found the sound brilliant 
even when cut off at 10,000 ~ps. He predicted that stereo 
was nowhere to stay, 1,,rith nothing new appearing on the hori-
zon.l 
Some of the recording companies were better prepared to 
release stereo discs, with a large backlog of stereo tapes in 
their libraries. Columbia Records, for example, had been re-
cording on triple-track stereo tape since 1957, and all mate-
rial recorded since then can be nov-J released on disc. 2 Even 
smaller companies, such as Jubilee Records,3 were often lucky 
enough to have recorded material in stereo some years ago, 
even though they did not manufacture stereophonic tapes. 
When the stereo disc hit, they released five albums immedi-
ately. 
Record revie"t·Js waxed enthusiastic over the Llany excel-
lent stereo discs appearing on the r~rket. Here are excerpts 
referring to a London stereo disc set of "Alice in \'fonder-
land:" 
lHarold C. Schonberg, "An Interim Period," Nevr York Times 
Sunday, March 15, 1959, Section M, pp. 1, 7. 
2Personal interview vd th Peter Munves, Columbia Records 
Sales and Publicity Depa.rtrrent, Nevi York, May 18, 1959. 
3Personal interview \vi th Joseph H. Caro, Jubilee Records 
!Album Sales and Promotion, New York, Nay 18, 1959. 
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The results couldn't be more impressive ••• LI17 
is a treat for the ears and -- almost -- the eyes ••• 
All the familiar scenes take on a dramatic clarity that 
would be impossible to achieve on a monophonic release, 
or even, in some cases, on the stage. For example, vrhen 
Alice swims around in her own tears, not only does the 
very room seem to be flooded tut her voice has even been 
given an appropriately hollow sound. The sequence at 
the Duchess' house may well have you ducking the flying 
pots and pans, while the illusion of actually taking part 
in the mad tea party or1the Queen's croquet game is lit-tle short of startling. 
Ho-v.;ever, the very next review illustrates the other side 
of the coin, with some of the extremely poor use of the ster-
eo medium: 
Mike Nichols and Elaine May are two • • • gifted 
performers whose special forte is improvising a humor-
ous situation around a given theme • • • Nothing is ad-
ded, however, and quite a bit is lost by the use of a 
sort of "spurio stereo" in which Mr. Nichols is heard 
from the left speaker and Miss May from the right --
even, as in one routine, when they are supposed to be 
dancing together! The monoph~nic release is certainly 
the preferred one here •••• 
In May, 1959, Peter C. Pfunke, writing in The American 
Record Guide, praised the fine quality of nearly all nev.; jazz 
stereo discs and wondered why stereo classical releases have 
not such good surfaces and quality of sound. He deduced that 
jazz discs, whether or not because the market for them is 
considerably larger, get consistently better treatr11ent in 
production. He wished the same vlere true for classical discs;l 
1stanley Green, "Spoken \Vord," Hi-Fi Reviev:r, I\Iay 1959, 
p. 78. 
2Ibid. 
3Peter C. Pfunke, "A Strictly Sonic Survey of Stereo 
Jazz," The American Record Guide, May 1959, p. 696. 
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The sale of stereo recordings for background music 
galled :Mr. Pfunke, who found tf1...em ill suited for that use 
because of the amount of listming attention they drav1. 
Stressing directional characteristics was ~rrong also. He 
felt the main satisfactions of stereo were: 1) clarity, and 
2) naturalness of timbre. He continued: 
Stereo, in the past year, has sho~m itself to be 
coming of age, technically, to the point v,rhere 'V'Te need 
no longer regard it 'V'dth a large question mark -- quan-
daries over four-track versus two-track tape and methods 
of FM multiplex. operation not"VJi thstanding. Stereo has 
sho\vn itself to be a major step forward in the audio art. 
:f\1ost significantly, stereo has shown itself to be a boon 
to lovers of no noise, but music.l 
A "Year I Report" on 45/45 stereo discs by David Hall 
listed what his magazine's staff considered the 99 best stereo 
discs. 2 The writer heartily agrees with their choices on all 
the discs on the list that he has bought or auditioned for 
radio broadcast. The staff was also asked i·Jha t labels, if 
any, were producing stereo recordings of consistently high 
quality. The ratings were extremely variable, "Vdth London 
Records the unanimous choice for top quality. Capitol, Audio 
Fidelity, Epic, and Everest received merit citations also. 
According to Hall, the most persistent faults in the new 
stereo discs were: 
1. Excessive volume levels on some discs with resultant 
high-frequency di stortion and "break-up;" 
libid., "Stereo is for Music," p. 571. 
2n99 Best Stereo Disc Buys," Hi-Fi Review, July 1959, 
pp. 34-35. 
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2. 
3. 
4. 
insufficient volume levels vrrth resulting high sur-
face noise; 
distortion toward the center of the record 't'Jhere 
complex, high-level music is involved; 
unnatural sonics, resulting from exaggerated ping-
pong effects or from too close and shallow micro-
phoning.l 
Hall went on to say that they had every reason to be-
lieve that most of these deficiencies are in the course of 
being remedied, and enough absolutely first-rate stereo discs 
have been produced during the past 12 hectic months (July 
1958-July 1959) to warrant a considerably larger check list 
than 99 discs. 2 
Stereo 45-rpm Discs 
All the stereo disc activity wa.s not confined to 33 l/3 
LP discs: the English, as mentioned befare,3 had issued 45 
rpm stereo discs in the standard large-hole 7" size, mainly 
because records are more expensive in Britain and this en-
abled more people to enjoy stereo discs. In May, 1959, the 
V-M Company put out an advertisement for the first automatic 
portable "45" stereo phonograph on the U. S. market. It had 
a 6-inch speaker in its case, and a duplicate in the lid to 
the case, l"rhich was removed and placed several feet to one 
side for the stereo effect. The t"'m-speed phonograph also 
1David Hall, "HiFi Soundings," HiFi Review, July 1959, 
p. 6. 
2Ibid. 
-
3 Supra p. 1"'3. 
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played the 16 rpm "talking-book" records and sold for $59.95. 
However, the main reason~ for the existence of stereo 
45 rpm records was to feed the nation's jukeboxes. Stereo 
was seen as a great opportunity to increase sales, which for 
one company, Seaburg Corporation, ran to $25 million in 1958. 
With stereo, Seeburg expects to triple earnings. 2 
lnA one-Two Punch for Knockout Stereo Sales This 
Spring!," Billboard, May 11, 1959, p. 15. 
2nrvioney in the Box, ri ~' October 27, 1959, p. 92. 
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CHAPTER VI 
STEREOPHONIC BROADCASTING 
The fourth medium to be considered in this study, broad-
casting, will bring stereophonic sound to more people than 
ever before when the radio industry goes stereo. It has been 
predicted this will take place v-·.rithin three years. 1 
Types of Stereo-Broadcasting: 
The following types of transmission have been used for 
stereo broadcasting, although each has inherent disadvantages, 
which will be listed. 
AM-M~: This system was described in Chapter II. 2 It 
has not been used in this country since the 1920's, due to 
its poor use of the spectrum. The system needs two entirely 
separate AM radio channels, or in other \'Jords, tv-ro radio sta-
tions. Since the AN band is already so crovrded and spectrum 
space at a premium, this is wasteful. Also, FCC regulations 
forbid the owner of one AN station to Oirm another AI.,I station 
in the same locality. The cooperation of two separate AM 
stations brings up many problems of a commercial nature. 
AM-F1~: This system employs·. two stations, as does the 
AM-AM type, but it is considerably more economical because 
1
supra p. ~. 
2supra p. ~3. 
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many M·I radio stations also broadcast simultaneously on Fivi. 
The job of feeding one audio channel to the M~ transmitter 
and the other channel to the fl~ transmitter is quite easy. 
The listener then places his FM receiver on the left, tuning 
it to the FTvi channel; and his AIVI receiver on the right,l tun-
ing it to the AM channel, and after placing himself about 1~ 
times the distance away from the radios that the radios are 
separated from one another, enjoys stereo sound. :Many Al'vl-Fl'-1 
stations have been experL~entally broadcasting stereo pro-
grams by this method sine e shortly after the Second IJ~orld 
\var, "tr-rhen FM came into ne11l prominence. Hore than 100 sta-
tions in the country now use it intermittently. 2 
The biggest di sad vantage of this r;:ethod is the vvidely 
different quality of sound between the t"i/VO channels. The FI"i 
reception is clear, wide-range and undistorted, while the AM 
recption is muddy, noisy, and of greatly limited frequency 
range. It is as though one Here listening to a stereo record 
on which the left side of the groove \vas a modern LP disc 
with quiet surface, and the right side was a worn, ancient 
shellac 78 rpm record.3 
FM-FM: This method is a step in the direction of higher-
1The placing of FM on left and AN on right does not have 
to be, but this arrangement seems to be the standard one for 
these broadcasts. 
2Ricmrd Kaye, "Stereo Brca dcasting: Vlhich and 1llhen?," 
High Fidelitx, June 1959, p. 97. 
3nstereophonic·Radio Reception," printed booklet from 
Crosby Laboratories, Inc., distributed by vlBAI, New York, 19.58 
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quality stereocasting, tut still contravenes the FCC require-
ment that the frequency spectrum be used in the most effie ient 
manner possible. The sound quality it produces, when the two 
FM stations which have cooperated for the broadcast are of 
similar power and characteristics, is superb. Even the best 
of the multiplex systems1 fails to achieve the frequency and 
dynamic range of this method. However, it is very difficult 
to arrange for two entirely separate FN stat ions to cooperate 
on a broadcast that only a tiny minority of listeners will be 
able to bear in stereo. For \-.'hile many listeners own both an 
AM tuner or radio and an FI~ tuner or radio for that rort of 
stereocast, very few possess two FM sets. The combination of 
an FM table model radio vii th an FM tuner and hi-fi system is 
as unbalanced as the AM-FM setup, and the added expense of a 
second matched FM tuner or receiver could very well cost from 
$50 to $200. Therefore an extremely limited number of Fivi 
stations cooperate for this venture at stereocasting. 
TV-AM or TV-FM: This method has so many disadvantages 
that it is difficult to understand why even a small number of 
stations and t110 of the TV netvmrks have attempted it. The 
sound channel of the television station, which is really also 
F~1, carries one of the two audio signals. The other signal 
is carried either on a separate FM or a se:r:arate Alvl station. 
The listener then places the radio set eight or ten feet to 
one side of the TV set and tries to balance the sound coming 
1Infra, p. 1'1'1-/5"0. 
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from the t"Vm sources. Even with the TV-TII method, this is 
difficult, for TV sound is notoriously bad and shifting in 
characteristics. 
The most annoying part of this type of stereocasting is 
that if TV alone is desired, the sound heard is only one-half 
of the program unless the listener goes to the bother of set-
ting up the correct radio on one side to receive the second 
channel. In addition, the television vi ewer not 01rm.ing an 
FM set would be forced to accept only about half the sound 
of a program that he wanted to both see and hear.l 
THREE.;-CHANNEL TV AI'D RADIO: A solution to the last pro b-
lem was tried only once in this country to the writer's know-
ledge. At WGBH-TV, Boston's educational channel 2, Father 
Norman J. O'Connor's live jazz program presented several 
three-channel sound transmissions beginning on April 4, 1958. 
Boston University's station WBUR broadcast the left-hand mi-
crophone's signal, WGBH-FM broadcast the right-hand micro-
phone's signal, and the television sound carried the pickup 
of the center microphone. When the placement of the three 
channels, two FM and one TV, was duplicated in the listener's 
home, the stereophonic reproduction was better than ~dth two-
channel methods. Since the center microphone picked up a 
balanced over-all sound from the musical groups, a viewer 
1Ibid. 
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listening to the television broadcast only, received a high-
quality monophonic signa1. 1 
WCRB, in Waltham, Massachusetts, cooperated with tele-
vision station WHDH in Boston for another three-channel TV 
and radio program. The program was a special Disneyland show 
on the life of Tchaikovsky, ~~th scenes from Walt Disney's 
film "Sleeping Beauty." A three-channel feed was provided by 
the ABC network. WCRB-F111 carried the left-hand signal, 1:JHDH-
TV carried the center signal, and WCRB (AM) carried the right-
hand signal. The picture, which at one point featured a 
"wide-screen" effect, was of course seen on WHDH-TV. 2 
Multiplexing 
Radio multiplexing is the practice of transmitting two 
or more separate messages simultaneously from one transmitter 
and then, at one receiver, separating the messages so that 
each can be heard without interference from the other or 
others) 
Iviultiplexing originated as a way of sending several tel-
ephone messages over the same pair of "Vvires without interfer-
ence. The system was called carrier telephony. One message 
was sent as is; the others were used to modulate carriers of 
1viGBH Monthly Program Guide, is sued by the Lowell Insti-
tute Cooperative Broadcasting Council, April 1958. 
2Personal interview with Robert Stuart-Vail, Chief an-
nouncer, WCRB, March 24, 1959. 
3Milton B. Sleeper, "We Can Have Hi-Fi FM Stereo," Hi-Fi 
Music at Home, October, 1958, p. 119. 
successively higher frequency. Provided there is no distor-
tion in transnission, the individual carriers can be demodu-
lated at the receiving end, separated and delivered to the 
appropriate circuits, without interference between them. 1 
Iviajor Ed"'fin H. Armstrong, the inventor of FM, carried 
on a series of experiments during 1934, 1939 and 1940. This 
work produced basic concepts concerning modulation that are 
reflected in today's multiplex equipment. 2 Ivfuch of his in-
vestigation of multiplex operation was carried out by John 
Bose, who was the Iviajor 's assistant. The Serrasoid modulator 
used in multiplex Fivi broadcast transmitters was invented by 
James Day, vice-president of engineering at Radio Engineering 
Laboratories, and is manufactured at present by the Standard 
Electronics division of REL.3 
Applying multiplex to standard. radio broadcasting is 
not exactly new. Eastman and Woodward4 described a binaural 
transmission system in 1941 v-1hich 1rrould permit both audio 
channels to be carried over the same carrier frequency, thus 
using only one radio channel and reducing the additional in-
vestment required to convert a monaural transaitter to bin-
1Norman H. Crowhurst, "VJha t is Compatible Stereo FI~ 
Multiplex?," Radio-Electronics, lVIarch 1959, p. 91. 
2B. Hines, "Fl•I £-Iultiplexing; a ne·H approach to stereo-
phonic sound, tt Radio-TV News, November 19 55, p. 55. 
127. 
3 Sleeper, ''Yle Can Have Hi-Fi FM Stereo," op. cit. , p. 
4Austin V. Eastman and John R. Hoodward, "Binaural Trans-
mission on a Single Channel, tt Electronics, February 1941, 
pp. 34-36. 
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aural. A combination of a conventional amplitude modulator 
and a balanced modulator "'dth a 90° phase-shifting network 
was used to combine the two sigpals over the single carrier 
frequency. It vrorked on the principle that an AM wave which 
has had the carrier shifted 90° is a good approximation of an 
FM wave in which the frequency swing is small compared with 
the applied audio frequency and is proportional to the audio 
frequency. The transmitter may then be thought of as one in 
which the signal from the left microphone is transmitted via 
AM while that of the right microphone is transmitted via F:r-.1, 
both on the same carrier with the bandwidth being no greater 
than that of a conventional transmitter.l 
To receive the binaural signal required a device to 
shift the phase of the carrier by 90° and then apply ordinary 
detection methods to the signals. Tests using the outputs 
of two different phonographs for the two separate channels 
showed crosstalk to be 30 db dovm, more than sufficient for 
broadcasting good stereo. 2 
Two IRE engineers combined the multiplex method vlith 
ultra-short-wave radio in 1945 to transmit phone messages 
across the water separating Cape Charles and Norfolk,3 but 
the first important use of multiplex in radio came in 1955 
1Ibid. 
2Ibid. 
3N. F. Schlaack and A. C. Dickieson, "Cape Charles-
Norfolk Ultra-Short Wave Multii?lex System4" Proceedings of the Institute of Radio Engineers, February 19 5, p. '/'d. 
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with the growth of a new radio industry, TI1-musicasting. On 
March 28, 1955, the FCC authorized multiplexing for FM sta-
tions. In many American cities, salesmen ventured. out to 
tell businessmen about the psychological need for pleasant 
background music in factories, stores, etc., and how the 
service would benefit them.l 
Prior to this time, musicasting had been carried out on 
a different system, called "simplex." This method feeds the 
FM station's regular music programs into restaurants, shops, 
and factories. A sub or super-audible "beep" blanks out the 
station's announcements and commercials by triggering a spe-
cial relay on the store-o\vner's receiver. This method was 
theoretically banned by the FCC's 1955 decision, but has been 
allowed a slow death due to inherent technical problems in 
setting up for multiplex. 2 
On October 1, 1958, the FCC issued an order denying re-
quests for continued simplex operation and ordering stations 
to convert their musicasting to multiplex. Station VJ"BF:fv1 ap-
pealed to the U. S. Court of Appeals for the District of 
Columbia, to gain an injunction against compliance vdth the 
FCC order, and gained a one-month stay of execution. The 
station said that it made most of its revenue from musicast-
lwalton N. Hershfield, "Filii Music a sting, a New Industry," 
Radio-TV News, June 1957, p. 128. 
2nHave Audience, Can Sell - FM," Broadcasting, Febru-
ary 9, 1959, p. 131. 
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ing, but felt that multiplex had not yet reached the stage 
vJhere it vtas suitable for 1rlBFr-1's purposes.l A Chicago sta-
tion, ~'J'FMF, gained freedom to continue simplexing from the 
Court of Appeals. They said that the FCC's determination 
that functional music (musicasting) was not broadcasting 
didn't square with the Communications Act. 2 
The primary reason for using multiplex to broadcast ster-
eo programs is to gain that quality that engineers attempted 
to gain ~~th film, tape, and stereo discs -- compatibility. 
The only way stereocasting can come into general use is with 
a system that is electronically compatible. The person view-
ing a color television program on a black and white receiver 
is seeing electronic compatibility in action. The few viewers 
equipped with color TV sets see the program in full color. 
However, the majority of vie"'rvers equipped v!i th black and 11rhite 
receivers see the very same program in black and white. They 
see the whole picture, not just the left or right half. In 
other 1·rords, everybody has a chance to enjoy the entire pro-
gram without having the present receiver n~de obsolete or 
losing out on the basic enjoyment. This is not true of the 
"double transmission" systems we have just discussed (AM-FM, 
FM-FM, etc.) .J 
1n:rv1uzak's N.Y. FM Fights Order Against Simplex," Broad-
casting, October 13, 1958, p. 108. 
2
"FCC Appeals Multiplex Decision On Grounds Court Not 
Informed," Broadcasting, Dece}Jlber 8, 1958, p. 10. 
Jnstereophonic Radio Reception," booklet, 212.• cit. 
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The quality of compg. tibility is also not found in ordin-
ary stereo multiplex. The system must be modified by apply-
ing the "sum and differencett theory in order to be compati-
ble.1 First, however, let us look closely at an ordinary 
multiplex system in which each channel is carried separately. 
This is the type now being used in most of the musicasting 
operations. 
The nJI station's band1-ddth is quite large -- .2 mega-
cycles. This allows room for at least t"Vm audio channels of 
a 15,000 cps range. To understand ho"VJ this is done, vie must 
remember that radio v;aves consist of electromagnetic energy 
at inaudible frequencies -- in the case of FM, 88 to 108 meg-
acycles. You can receive the frequency of a station opera-
ting in this band, amplify it, and connect it to a speaker, 
but no sound will be heard because the frequency will be far 
above the human hearing range. 2 
But at the transmitter you can regulate or modulate that 
energy transmission by applying audible signals to it. Then 
at the receiving end, you can pick up and amplify the inaud-
ible frequency, put it through a detector or demodulator to 
take off and amplify the voice frequencies, and feed them to 
a loudspeaker. This is the system of conventional broad-
casting. 
lcrowhurst, "Vvha.t is Compg.tible Stereo Fivi iv"rultiplex?," 
££• cit., p. 92. 
2Sleepe r, "We Can Have Hi-Fi FM Stereo," ££• cit. , 
pp. 119-120. 
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A super-audible frequency can be modulated at audio 
frequencies, and an audio-modulated super-audible frequency 
can be used to modulate a still higher frequency. This is 
the basis of ordinary FM multiplex transmission.l In music-
asting, frequencies of either 41 kilocycles or 67 kilocycles 
seem to have come into general use for the supersonic "car-
rier" frequency. To avoid confusion 1dth the transmitted 
carrier, this frequency has been called the "subcarrier." The 
extra channel carried on this subcarrier needs a multiplex 
adapter to recover it. The regular receiver may reproduce 
the subcarrier, but being ultra-sonic, it is inaudible. How-
ever, the regular equalization or de-emphasis in the receiver 
will tend to eliminate it from the final output of the speaker 
To recover the ru bcarrier' s program, v.Jhether background music 
service or the second channel of a stereo-presentation, the 
subcarrier is taken out of the circuit before de-emphasis and 
fed into the adapter.2 
In musicasting, the adapter is a simple receiver with no 
moving parts. It is connected to a standard amplifier and 
speakers, providing continuous background music, usually 19 
hours per day, to the user. There are no phone charges, 
which are very steep for line of good enough quality to re-
produce'. music. clearly. There is also no expensive tape 
libid., p. 120. 
2Crowhurst, "What is Corapatible Stereo Frvi Multiplex?," 
££• cit., p. 91. 
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recorder or reccrd player to buy and maintain. The musical 
variety is limited only by the recordings at the radio 'sta-
tion. The average monthly charge for the service is $25. 1 
Systems of Compatible Stereo FM JVIultiplex 
In a recent count, a total of 17 different systems of 
this genre have been suggested. This has naturally caused 
a more heated discussion of the best system than was the 
case with the stereo disc, v.rhere the number of choices was 
fewer. Before the manufacturer can start production of mul-
tiplex receivers and adapters he must know what system of 
multiplex will be used. It is essential that a standard sys-
tem be chosen so that confusion of the consumer and early 
obsolescence of the receivers may be avoided. 2 
All the systems are slightly djf ferent and all claim to 
be superior to any other system. To solve this dilemma, the 
FCC approved the creation of the National Stereophonic Radio 
Committee, or NSRC, which held its first panel meeting on 
March 4, 1958. Panel committees are considering the follow-
ing aspects of the multiplex question: 
1. System Specifications 
2. Interconnecting Facilities 
3. Transmitters 
lHershfield, 2£• cit., pp. 128-129. 
2J. E. Hayes, "Stereophonic Brcadcasting," CT:C Times, 
May 30 - June 5, 1959, p. 6. 
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4. Receivers 
5. Field Testing 
6. Subjective Aspects1 
In Canada, a sub-committee of the Canadian Radio Tech-
nical Planning Board, with wide representation from industry 
organizations, is carrying out a similar study of the dif-
ferent systems. Recommendations will be made to the Depart-
ment of Transport, which will then decide what standards 
should be used in Canada.2 
Although not all of the s.ystems use it, a basic approach 
to the understanding of a compatible stereo signal is that 
of "sum and difference. tt The "sum signal" is simply the 
electrical addition of the ~ro separate signals from the two 
stereophonic microphones, tape tracks, or sides of the stereo 
disc groove. The "difference signaltt is reproduced by sub-
tracting, in an electrical circuit, the signal of one channel 
from that of the other. 
The "sum signal" consists of all the sound picked up by 
both channels, and may be used for ordinary monophonic broad-
casting. The "difference signal" contains only the stereo-
phonic information -- telling the spatial relationships of 
the sounds contained in the sum signal. This signal may be 
used to provide the stereo effect in broadcasting.3 
lnstandardizing Stereo," Electronic Industries, lVIarch 
1959, p. 106. 
2Hayes, .Q.E.• cit., p. 6. 3Ibid., p. 7. 
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To illustrate algebraically, suppose we call the signal 
from the right channel "A" and that from the left channel "B.' 
Then the sum signal S = A .f. B 
The difference signal D = A - B 
If we wish to receive the right channel "A," 'I:Je simply add 
the sum and difference signals: 
To 
S=A.j.B 
D =A- B 
s.;.n = 2A 
receive the 
S=A .;. B 
D • A- B 
S-D .;. 2B 
The figure 
left channel "B," we sDnply subtract: 
2 is ignored as this merely indicates the 
relative volume which would be heard. No,·J the FM transmitter 
puts out the sum signal in the normal manner, except for a 
very slight reduction in level. This is received as a normal 
well-balanced signal on an ordinary Fl'JI receiver. The differ-
ence signal is then transmitted on the subcarrier, 'I:Jhich 
would not be heard on the standard ~I receiver. However, 
the multiplex adapter would pick out the subcarrier with its 
difference signal and by performing the algebra outlined 
above, reconstitute the right and left hand channels, feeding 
them to the separate loudspeakers for the full stereo effect.l 
1Ibid. 
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Let us no-vJ consider several of the suggested plans of 
compatible FM stereo multiplex. 
STEREOSONIC: One of the earliest on the scene, this 
system came into use in 1948 as a method for carrying fac-
simile information on regular ~1 broadcasts of the New York 
State Rural Radio Net,'>"ork vvithout interfering v'>"ith the main 
programs. vlilliam S. Halstead and Iviurray G. Crosby developed 
the system, which saw its initial field tests for stereo in 
1950, when the rJJ:ultiplex Development Corporation used the 
standard commercial FM transmitting equipment formerly used 
by Station ~V"GYN, New York City. Under the call letters of 
KE2XKH, the multiplex station made multiple-program and ster-
eo transmissions at 97.9 megacycles \•lith a po't'>rer of 4000 
watts. At that time the main channel was modulated to 90% of 
full frequency modulation and modulation of the main carrier 
by the 3 5 kilocycle subcarrier I•Tas 10%. In these pioneering 
tests, the subcarrier' s frequency response was limited to 
only 8000 cps.l 
In September, 1950, test stereocasts were made from the 
Reeves Sound Studios in New York City, and in December, 
fringe-area listening tests were made at a distance of 45 
miles from the station. Two multiplex pro grams in addition 
to the main channel pro gram were broadcast 1-d th no interfer-
ence, and compliance with all FCC requirements. Listeners 
1Albert J. Forman, "New Multiplex System for Three-
Dimensional Sound: Stereo sonic System, n Tele-Tech, April 1Cf) 
1953, p. 92. 
vlith conventional sets received only the main channel ·v.ri th 
no trace of the subcarriers. The multiplex signal actually 
took up less bandwidth than the regular full main channel. 
This certainly satisfied the economy criterion of best util-
izing the radio spectrum. The name of the system, Stereo-
sonic,1 was chosen to stand far "stereo using an ultra-sonic 
subcarrier."2 
In 1953, IV"lajor Armstrong and his research group at 
Columbia University demonstrated his multiplex system before 
the Radio Club of America. A disadvantage of the system '\'JaS 
that it was non-compatible.3 
CROSBY: This is the best knovm of the experimental 
methods and the one that shows the greatest prumise of being 
the one chosen by the NSRC. It is the creation of Nurray 
Crosby, just mentioned in connection Hith the earlier Stereo-
sonic system. On September 8, 1958, l!Ir. Crosby and his 
Crosby Laboratories, Syosset, Long Island, received the 
patent on the system, which is based on the use of the sum 
and difference theory.4 
The tvvo channels are fed simultaneously to the main 
carrier in phase, and to the subcarrier generator out of 
1Not to be confused with the EMI Stereosonic recording 
system. Supra p. 
2Ibid., Forman, pp. 93; 188. 
3Hines, 2£· cit., p. 55. 
4ttStereophonic broa. dcasting: Hha t does it mean to adver-
tising?," Printer's Ink, October 24, 1958, p .. 23. 
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phase. A phase inverter stage in the multiplex adaptor sep-
arates the signals and feeds them to their respective ampli-
fiers and speakers. It is claimed to possess four advantages 
over other systems: 
1. Complete compatibility. 
2. Full 15,000 cps audio on both channels, resulting 
in full fidelity. Both channels are equal in sound 
quality for a balareed result. 
3. The signal-to-noise ratio of each channel is identi-
cal, and therefore no annoying "one-sidedness" is 
noticed. 
The improvement in signal-to-noise ratio of 6 db 
is equal .to an increase of 4 to 1 in the power ob-
tained. This increases the distance for fringe-
area stereocasts. 1 
A number of broadcasters think the Crosby system so 
much better than the others that they are already installing 
the Crosby equipment in their transmitters, and one station, 
VJ'BAI, 2 in New York City, is on the air i:Jith multiplex stereo 
by the Crosby system from 4 to 5 PH 6 days a \'Teek and from 
11:00 to 12:00 midnight on Sundays. The station got the 
lnstereophonic Radio Reception"" booklet, 2.£• cit. 
2
"Stereophonic broadcasting: What does it mean to 
advertising?," QE• cit., p. 23. 
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FCC's approval to make the broadcasts, but only under strin-
gent rules of operation. After beginning the stereocasting 
on September 12, 1958, new experimental call letters had to 
be used -- KE2XXT. The only time unlimited multiplex ex-
perimenting may be done is between the hours of midnight and 
noon.l 
KDKA, Pittsburgh, used the Crosby system in the fall of 
1958 to broadcast Pittsburgh Pirate baseball games. WJER, 
Wilmington, Delaware, also began multiplexing with the 
Crosby system early in October. The N:EC Fr-1: station in New 
York City, VJRCA-FM, got FCC approval to install Crosby equip-
ment. Stations engaged in FM broadcasting in Seattle, Chic-
ago, Cleveland, Baltimore, Houston, San Francisco and Sacra-
mento have been in touch 'nth Crosby about converting their 
transmitters to his system. 2 But at time of i'lriting, the 
only station making regular multiplex broadcasts in stereo 
I 
is WBAI, from the Hotel Pierre in New York City. Nine dif-
ferent manufacturers are either producing or developing adap-
tors for the Crosby system.3 
HALSTEAD: The other developer of the Stereosonic mul-
tiplex method is the creator of the Halstead system, that 
lpersonal interview with Robert Silverman, WBAI Sales 
Department, New York City, February 3, 1959. 
2
"Stereophonic broadcasting: wnat does it mean to ad-
vertising?," 2£· cit., p. 23. 
3Silverman interview, 2£· cit. 
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was in direct competition with Crosby's system for FCC ap-
proval. William Halstead's first system was basically the 
same as Crosby's, without the use of the sum and difference 
theory. The left channel it-rent directly to the main FM chan-
nel and the right to the multiplex subcarrier. Some of the 
Crosby system adapters provide for receiving this type of 
stereocast by a switch which bridges out a circuit needed 
in the Crosby receiver, but not in the Halstead. The origi-
nal Halstead proposal was for a right channel restricted to 
8,000 cps, so as to use a subcarrier of similarly restricted 
width. Otherwise the right and left channels would be far 
from identical in quality. 1 
BURDEN: The successor to the original Halstead pro-
posal, this suggestion aims at overcoming its disadvantages. 
This is done by using the sum and difference method in trans-
mission, but no counter-part in receiving. Instead, it de-
pends on the so-called "acoustical matrixing" to occur in the 
listening room. The difference signals are supposed to mix 
in the room and cancel each other out, leaving an audible 
left and right, respectively. Crowhurst comments that if 
such mixing does occur, then there is nothing to stop the 
left and right channels remaining from mi:xing also and pro-
1Norman H. Crowhurst, "More About Multiplexing for 
Stereo," Audio, July 1959, p. 74. 
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ducing monophonic sound. In short, the stereo effect cannot 
work. 1 
As additional refinements,or perhaps as another change 
of mind, Halstead now proposes the transmission of mixed high 
frequencies from both channels and the use of a so-called 
"phantodyne" circuit to mix the channels out of phase 1·zith one 
another. 2 A California stat ion, KCBH, is now using this sys-
tem of compatible stereocasting ,3 while vlGHF, Brookfield, 
Connecticut, and WASH, Washington, D. C. are still using the 
older Halstead systems.4 
The only real advantage of Halstead's various systems 
seems to be the availability of a second subcarrier at about 
67 kc, in addition to the one used for stereo transmission 
of the rignt-hand channel, at 41 kc. This second subcarrier 
could be used for musicasting or other restricted-use trans-
mission at the same time that stereocasting is being carried 
on.5 
CALBEST: Strangely enough, the only receiving equip-
ment for Halstead's systems on the market at present is manu-
factured by Calbest Electronics, the proponents of still 
1Ibid. 
2Kaye, 2R• cit., p. 112. 
3Hi-Fi Review, July 1959, p. 25. 
4nstereophonic broo. dcasting: What cb es it mean to adver-
t .. ~,, •t ~s~ng., £R• £._., p. 23. 
~aye, .QI?.• cit. 
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another system of multiplex. At a recent Chicago meeting of 
the FM Association of Broo.dcasters, Calbest' s representative 
outlined their system.l It goes a step further than Halstead, 
who claimed the frequencies above 8000 cps did not contribute 
to the stereo effect. The Cal best system claims no stereo 
illusion above 3,500 cps, and uses this alleged fact to 
restrict the bandwidth even more. 
The main channel is treated much the same as the Crosby 
system, vJi th the left and right mixed together to give a sum. 
But for the subcarrier, the right channel is transmitted vlith 
everything above 3,500 cps cut off by a filter. At there-
ceiver, after detection of the subcarrier, it is phase-
reversed and combined with the main carrier output to cancel 
the right component there (below 3,500 cps). At the same time 
a filter takes everything above 3,500 and combines it with 
the subcarrier to get a rigjlt channel complete v!ith highs. 2 
The Cal best system gives the same sort of cornpa tibility as 
the Crosby, but it would allo\'r the broadcaster even more ad-
ditional multiplex channels than the Halstead systems. These 
could be used for numerous special and profitable services) 
EJVII-PERCIVAL: This system, narv being used experiment-
ally by the BBC in Britain, is slinila.r to the Crosby system 
in that the second channel is transmitted on a side-band of 
lrbid., PP· 97, 112. 
2crowhurst, "More About Multiplexing for Stereo," 2£.• 
cit., p. 75. 
- 3Kaye, 0_..12_. cit., p. 112. 
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the main frequency, above the audio band. It is also simi-
lar in that the nain carrier frequency is modulated by a 
combination of the left and right stereophonic channels 
("sum"). In both systems, the main frequency thus carries 
the compatible monophonic signal 'i-Jhile the subcarrier carries 
all directional information. 
The difference comes in the division of transmitter 
power between the main channel and the sub carrier and between 
the left and right-hand channels of the stereo. In the 
Crosby, there is a loss in the effective power of 6 db, but 
in the Percival system, a narrow subcarrier -- 100 cycles 
handles the directional information, enabling the loss of 
power to be only 2 db.l 
Stat ion v/FUV -Fivi at Fordham Uni ver si ty in the Bronx has 
put into operation its own multiplex system under the guid-
ance of its engineering consultant, Harold I·Iichaels. He de-
signed a "matting system" vrhich combines and mixes both ster-
eo sources at the transmitter in such a way that perfect 
monophonic reception is assured. Michaels also assisted in 
the development of a high fidelity multiplex receiver which 
breaks up the combination of the stereo sources and separates 
them to achieve stereophony. According to Hichaels: 
lnstereophonic Broadcasting; Percival system; two chan-
nels from a single transmitter," Wireless World, November 
1958, p. 521. 
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Matting mixes the two stereo sources for full mon-
aural reception; the multiplex adapter separates them 
for the desired stereo effect. Thus Fordham University's 
system is·Iompatible for either monaural or stereophonic 
reception. 
Other systems which are not multiplex in nature could 
conceiveably be applied to FM multiplex. One of these is 
2 the Bell system, used thus far only on TV-AJvi or TV-Flvl. 
Other multiplex systems could be applied to MJi or TV as well 
as FM. One of these is the Halstead system, in which the M~ 
channel of an AM-FM stereocast could be duplicated on the 
41-kc subchannel.3 Another is the Motorola multiplex system 
demonstrated this spring on vJGN-TV, Chicago. 4 
Hines believes that subscription multiplex is the solu-
tion to provide both more money for the station and finer 
programming for the listener. Programming would not have to 
be limited to stereo. The subscription listener could also 
receive straight un-interrupted background music, or news and 
sports, or just the news and time breaks at intervals. Hines 
feels multiplex stereo on TI~ is worth a great deal to the 
listener: 
1Quoted in Richard F. Vogl, "Three Years of Stereophonic 
Broadcasting at WOI," NAEB Engineering Service Bulletin, 1959, 
p. 4. 
2Ibid. Cf. infra p. 1'1-lf.,._, 
3Kaye, 2£· cit., p. 112. 
4crow-hurst, "What Is Compatible Stereo FM !Jiultiplex?," 
.2E.. cit. , p. 96. 
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It must be further considered that any new art re-
requires time to achieve a substantial measure of its 
ultimate potential. There is no reason to believe that 
this principle fails to apply to stereophonic reproduc-
tion; which is a mere fledgling. Improved techniques~ 
• • • yet unforseen \rill very likely em ble stereophonic 
sound to substantially increase its present superiority 
over single-channel sound. Under these circumstances, 
FM stereophonic reproduction should be a "Natural" for 
which yhe public is willing to pay in one form or an-
other. 
Support for Hines' views comes from the editor of Hi-Fi 
Review, who points out that, in sharp contrast to color TV, 
stereo broadcasting is more desired by the listeners than by 
the stations themselves. Most broadcasting stations are still 
leery of the uneven quality of many stereo discs, and stereo 
presents many production problems in other details. 
FM multiplex enthusiasts privately admit that the 
FCC has good reason for dragging its feet and not making 
a hasty dec is ion. Rather than subject itself to possible 
avenues of criticism, the FCC may well let 1959 go by 
without okaying ~~multiplex. Simultaneously, it is even 
more doubtful that it will approve various "compatible" 
Arvl methods now being offered t~ the public as being as 
good as straight FM multiplex. 
AM Stereocasting Systems 
'\'lhile some of the FM multiplex sys terns can be applied to 
I.Al'1 radio, the characteristics of the two methods of trans-
!mission differ so greatly that it is possible the NSRC \·.rill 
choose one system for FM and another for AM) Let us no\'r 
lH· · 6 1nes, QE• ~., p. lo9. 
20liver, P. Ferrell, "The Flip Side," HiFi Review, May 
~959, p. 90. 
3Hayes, 2£• cit., pp. 6-7. 
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investigate some of the AM methods that have been called 
"doubtful." 
RCA: The RCA method of AM stereocasting, probably the 
best known at the present time, was disclosed on October 23, 
1958. It was descr:ili ed by RCA Laboratories' vice-president 
Dr. James Hillier as "perhaps the longest forward stride in 
the standard radio broadcast field in nearly 30 years." 
During a demonstration early in 1959 at the David Sarnoff 
Research Center in Princeton, New Jersey, Dr. Hillier said: 
Until now, there has been no stereo system that 
operates entirely in the AM range. This has left·a gap 
in the pattern of stereophonic sound reproduction, since 
the bulk of commercial broadcasting and listening in 
••• this country, including all automobile radiosl, 
is in the AM band. 1/lith the closing of this gap we can 
look forward to the ever more extensive use of stereo-
phonic techniques in our radio programming and listen-
ing.2 
In the RCA system, the sigp.als from the two microphones 
are amplified and then modulated, the carrier frequency being 
supplied by the transmitter's oscillator. In each case this 
gives us an upper and loirJer sideband, in other ir>rords, t':-JO left 
and two right sidebands. These are reduced to a single left 
and right side band after passing through a band-pass filter 
and each going to an adding component before being amplified 
at the radio frequency and going to the antenna. 
lHillier' s statement is incorrect. General I·~otors has 
produced a number of Cadillacs 'V'.rith built-in FM auto radios, 
and several companies, including Hastings and Graupunkt, pro• 
duce Fr~ auto radios. I~ny autos in the Detroit area are so 
equipped. 
2J. Hillier, "Stereophonic round broadcast in AM band," 
Electrical Engineering, February 1959, p. 193. 
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In the stereo receiver, the two sidebands are separated 
and fed to left and right speakers, to reproduce the stereo 
effect picked up at the studio. Both sidebands pass through 
the standard detection and amplification. Then a side band 
filter takes out the unwanted sideband in each case and the 
two sidebands and their carriers pass throu@ a pair of sec-
ond detectors after which the separate sidebands are ampli-
fied and go to their respective speakers.l 
The advantages are reported to be thus: 
1. Stereo music and other program material can be sent 
from a single transmitter operating within the pres-
ent AJ.II frequency of a station. 
2. Stereo reception is accomplished with a single re-
ceiver feeding into matched loudspeakers that can be 
brought into desired balance with a single control. 
3. Since the system operates on AM, it can be used in 
au to radios, of '\'Jhich the greatest number are AM. 
4. The stereophonic system is adapted to present AM 
broadcasting techniques, oo that it could be intro-
duced without causing obsolescence of present re-
ceivers. 2 
Another "advantage" which seems an odd tv·Jist of logic 
was expounded by 0. B. Hans:> n, RCA vice-president: 
5. Al.J.I radio lacks high fidelity. ~vomen have greater 
sensitivity in the high frequencies of hearing and 
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many find it uncomfortable to attend a live concert 
because the extremely high notes hurt their ears. 
Hanson said FM radio has the same disadvantage be-
cause it reproduces sounds even beyond the range of 
human hearing. RCA's system, because of the use of 
AM, would automatically 11 screen out" the high notes 
that '!:other some persons.l 
~v.ESTINGHOUSE: This company's Television-Radio Division 
demonstrated its single-channel AM system in NevJ York in 
~furch of this year (1959). The double signal is transmitted 
by simultaneous amplitude and frequency modulation of the 
carrier. Owners of two AM radios c2.n have mediocre stereo 
sound by tuning one set somewhat below and the other some-
vJhat above the station's number on the d:ial. Reception for 
the single-set listener is unaffected. If derra nd 1,varrants, 
Westinghouse will produce a small receiver designed for the 
system with separate circuits and multiple speakers. The 
principle of varying the carrier frequency to carry the ster-
eophonic information is based on the company's conclusion 
that all the stereophonic information is contained in the 
band from 300 to 3,000 cps. Therefore, frequency modulation 
can be used for the stereo information 1ro'ithout interfering 
with adjacent AM stations on the dial. The transmitter con-
lnstereo broadcasting: \';hat does it mean to advertis-
. ? " . t 22 ~ng • ' .212. • .£!.__ • ' P • • 
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version for this system would cost more than -v·ri th the RCA 
method -- some $2,500.1 The new system is reported to 
closely resemble a duplex radio transmission system pioneered 
by Dr. Frank Conrad of \'Jestinghouse in the 1920's. 2 
Another rather similar system based on the sum and dif-
ference theory, was demonstrated this past March over KDKA, 
Pittsburgh. Developed by C. W. Baugh, Jr. and Harold F. 
Sweeney, the receiver for the system consists of an ~f detec-
tor, adder and subtactor, plus a speaker. When this is 
added to a standard AM receiver, it converts itinto an AM 
compatible stereo receiver.3 
PHILCO: Philco Corporation claims their system vdll 
bring stereophonic sound into every American horne. Details 
are not presently available, w t the system seems to resemble 
the RCA plan in that it doesn't affect present AM transrnis-
sion to monophonic receivers, new frequencies are hot needed, 
and stations can switch from monophonic to stereophonic 
transmission and back again at will. Philco has started 
field testing, and when completed, they will cooperate vdth 
any licensed broadcaster and ~~th the NSRc.4 
BELL: The Bell Telephone .Aivi system has resulted from 
lnwe stinghous e, RCA sh011 am stereo plans," Broadcasting, 
Ivlarch 9, 1959, p. 126. 
2nstandardizing Stereo," .2E.• cit., p. 116. 
3 Ibid. , p. 117. 
4rbid., p. 116. 
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years of stereophonic research by their laboratories. The 
patent, given to Floyd K. Becker, describes a system based 
on the Haas effect. 1 It has not yet been used for multiplex, 
but could be. 2 The Perry Como television sho1;: has seen dem-
onstrations of this system, which was designed to allow a 
listener restricted to one channel only to receive the con-
tribution of the other channel's sound monophonically) 
The system has a certain similarity to the Burden system 
in the division of the channels, but depends for success on 
the Haas effect, called by the Bell engineers the ttprecedence 
Effect." The two lines to the transmitters, which may be any 
combination of TV, FM, or AM, or multiplex, are cross-
connected. Sounds from the left microphone are fed to the 
left speaker in the listener's home, vrhile the same signal 
is delayed from 5 to 30 milliseconds before reaching the 
right speaker. As a result of the Precedence Effect, the 
sound seems to come only from the left speaker. The same 
thing takes place with the right channel. The listener's 
brain localizes the sound he hears as coming directly from 
each of his two speakers and the full stereo effect is main-
tained. 
1supra p. ?0. 
2Robert vl. Young, "Review of Acoustical Patents," Journa~ 
of the Acoustical Society of America, Nay 1958, p. 497. 
3crowhurst, "More about I~Iultiplexing for Stereo," .2£· 
cit., p. 74. 
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Since a listener to each single channel hears the total 
sound from both microphones in a balanced reproduction, mon-
ophonic reception is completely compatible. The slight delay, 
typically about 10 milliseconds, vTith the delayed channel 
volume about 1~ db softer, does not affect the reception at 
all, according to Becker. 1 
Two systems about which little detailed information is 
available at the present time bring to a close this survey of 
stereocasting systems. The first was an imaginative sugges-
tion from W. H. Collins of the Electroplex Corporation. He 
suggested using the TV channel audio on "dark channels" for 
the transmission of a second stereo channe 1 along 1 .... >i th a reg-
ular FM station. 2 This would, while still employing tvw en-
tire broadcast channels, still be economical since no station 
in a particular locale would be or could be using the un-
occupied TV channels. 
The second idea was put forth by Leonard Kahn of Kahn 
Research Laboratories, and was a variation on the single 
sideband system which ''rould enable a single AH station to 
stereocast .3 
June 10, 1959, was the deadline for conm1ents on stereo-
casting systems to be filed 1·!i th the FCC. The corrunent s that 
the NSRC will be considering include: 
1nstandardizing Stereo," 2.!?.• cit., pp. 107, 116. 
2Kaye, 2.!?.• cit., p. 112. 
3rbid. 
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a) Should stereo broadcasting be permitted on a regular 
basis and if so should it be a broadcast service to 
the general public or available only on a subscrip-
tion basis? 
b) What quality and performance standards, if any, should 
be applied to stereo multiplexing? 
c) Should specific subcarrier frequencies be allocated 
to stereo? 
d) Should present main channel quality and performance 
standards be relaxed beyond that already permitted 
for subsidiary communications (non-broadcast) opera-
tions to accommodate stereo? 
e) v~t transmission standards should be adopted regard-
ing cross-talks between the main·channel and stereo-
phonic sub-channel? 
f) Should fm broadcast stations airing stereo be required 
to use a combatible system 1-vhich allows listeners 
tuned to the main channel to hear an aurally balanced 
program?l 
A view opposed to that of the high fidelity fans in re-
gard to AM stereo is heard from CBS's Dr. Frank Stanton. He 
believes stereocasting is definitely coming into general use, 
but on AM rather than FM, "because there aren.'t enough FM 
outlets." Even if the FCC does license more FM than AM stereo 
outlets, Stanton believes FM will be too late and an AM stereo 
system will already be on the market. 2 
Survey of Stereocasting Activity 
\'lhile the altercations over multiplexing continue, broad-
casting stations around the world are merrily devoting thous-
ands of hours to stereophonic broadcasting of the two-
separate-channel variety, until something better comes along. 
l"FCC 's fm pro be gets stereo issue," Broadcasting, March 
16, 1959, p. 97. 
2ncBS's Dr. Frank Stanton," Printer's Ink, December 5, 
195$, p. 58. 
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World leader, as far as amount of stereocasting goes, 
seems to be Boston's itJCRB. The station now programs 25 hours 
of AM-fiT stereo per week over its twin transmitters. Station 
president Theodore Jones believes that "FIJI's future lies 'With 
the AM-FM stereo operator, nl and the station certainly demon-
strates what it preaches. Stereocasting began in 1954 for 
about 4 hours per week. The stereo tapes used were mostly 
produced by 'VJCRB, beginning with "Choruses of Ne"\'J England," 
The early Cook stereo discs were also used. 
At present the library at WCRB includes some 400 classi-
cal commercial stereo tapes, 200 VJCRB-produc ed tapes, and 
hundreds of the latest stereo discs. Regular live stereo-
phonic cone erts began vrith the 1957-5S Saturday evening stere-
ocasts of the Boston Symphony Orchestra, and continued with 
the following season of Boston Pops concerts. These were 
followed with delay-stereocasts of the 1958 Berkshire Music 
Festival at Tanglewood. Among the other stereocasting "firsts 
at \11/CRB have been these: 
1) First in New England to broadcast stereo discs. 
2) First to present a regular series from stereo tape. 
3) First to present opera in stereo. 
4} First radio station to combine ·with TV for stereo-
casting in New England.2 
l"The FM Enigma: Valuable Plus or &.sic Medium?," U.S. 
Radio, August 1958, pp. 35-37. ----
2Leonard Zola, "'lfJCRB and Stereo," mimeographed booklet 
released at press conference in Sheraton-Plaza, Boston, 
October 7, 195S, p. 4. 
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In addition to the three-channel broadcast rrentioned 
earlier, 1 \1TCRB also carried the second channel of tvro-channel 
stereo accompanying the Lawrence 'ltJelk show on AEC-TV. During 
the telecasts, both ~vCRB JU.:I and TI1 carried the second-channel 
sound. Among the other stereo developments at WCRB have been 
some of the very first stereo commercials, including the horn 
and engine sounds of a new Pl~aouth, for the Plymouth dealers' 
commercial, in stereo. 2 
But to give the other side of the situation, all is not 
perfect with the ~~FM arrangement. First, control-room 
operation, vmich is usually combination-type, is difficult 
beyond explanation. Each time a record or tape is played, 
the following steps must be followed: 
1) Cue up disc or tape. 
2) Throw switches feeding left-hand channel to FM trans-
mi tter, and right-hand cmnne 1 to AIVI transmitter. 
3) Tie the tv.ro transmitters together by more S"~:Ji tching, 
so that the voice announcements, spoken into one 
microphone, will be heard on 1::o th channels. This 
constitutes a multitude of ffi'Titching 'V\Thich makes a 
lot of noise in a combo studio that can be heard over 
the air. Therefore, the potentiometers are used in-
stead of the microphone switches, because they are 
quieter. 
1supra, p. 1"3i. 
2Persona 1 Intervievf with Robert Stuart-Vail, Chief 
Announcer, WCRB, l>larch 24, 1959. 
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The FM transmitter is only 3000 vratts power at the trans-
mitter, and the AM transmitter, which puts out a healthy 5000 
watts in the daytime, must cut to 1000 at night. This allo\'ITS 
stations in Brooklyn and Troy, New York situated on the same 
frequency to interfere. 1 In a survey of the station's audi-
ence, the difficulty of gaining good Al'·1 reception was found 
to cut do1tm the interest in VlCrl.B' s stere ocasts. 18% of the 
listeners included in the survey complained of the poor AM 
reception. Only 35.5% of the respondents had AM-FN stereo 
equipment, and only 5. 5% had equipment for FM-FIVl broadcasts. 
There was also some indication that some people 
have the necessary AM-FM combination, but do not realize 
it represents a stereo combination. Both the large num-
ber of "no answers" to this question and an occasional 
inconsistency • • • showed some lack of kno1r:ledge 2on-
cerning stereo ••• among WCRB's listeners •••• 
The survey also indicates that the great potential 
of stereo is yet to be realized ••• Before extending 
its stereo pro grammin~farther, the station should pro b-
ably investigate why LZ9% of the 35.5 having stereo 
equipment don't listen to WCB.B stere.QJ, itJhether it is 
primarily the result of "too much trouble," poor recep-
tion, a combination of these factors, or some other un-
suspected cause • 
• • • the station should probably devote more atten-
tion to the problem of future stereophonic transmission 
-- -v1hich is still in an early, but fast-growing stage of 
development.3 
1Ibid. 
2Peter J. Fernald, John P. Figh, Kobert W. Ganger, and 
William D. George, "'I'he Audience of Station ~;'!CRB," Unpublished 
report submitted to market research seminar conducted by Prof. 
Ed-vrard C. Bur sk at the Harvard Graduate School of Business 
Administration, January 1959, p. 28. 
3rbid., PP· 44-45. 
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Another of the more than 125 stations now stereocasting1 
is WQXR in New York City, Qi,·;ned by the New York Times. Long 
kno'W!l as the "Good Music Station," their chief engineer 
clairns WQXR' s AM signal reaches 15,000 cps if the receiver is 
good enough to pick it up. This results in a much better 
balance vdth the FM channel in stereocasts. 2 
WQXR's interest in stereocasting goes back to October 29 
and 30, 1952, vihen the first broadcasts of stereo tape and 
live music were made in connection vdth VfQXR-FM. As with 
most of the AM-FM methods, the FlvT station broadcast the left 
channel at 96.3 me, while the A!VI station broadcast the right 
channel at 1560 kc. A year later ~·JQXR was broadcasting 
nearly all of its live programs stereophonically .3 To guard 
against the two channels being too disimilar and spoiling 
single-channel reception, tapes and discs are carefully audi-
tioned beforehand. The station has a permit for multiplexing 
before the FCC.4 WQXR now programs about eight hours per 
week of stereo.5 
1Richard F. Shepard, "Stereophony on the Radio Front," 
New York Times, Sunday, January 25, 1959, Section X, p. 11. 
2Loui s J. Kleinklaus, "Q and A on Stereo and I-I/X," 
Audio, August 1958, p. 92. 
3nA Short Guide to Hi-Fi and Stereo Broadcasting," 
printed booklet published by WQXR. 
4Kleinklaus, ££• cit., p. 20. 
5nstereo Music on vvQXR," advertisement in radio section 
of New York Times, Sunday November 2, 1958. 
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The stations of the State University of Iowa in Iowa 
City did some of the earliest stereocasting in the United 
States. The first live stereo broadcasts were made in 1948, 
shortly after the installation of the FM station, KSUI. The 
new transmitter was :p9. ired vlith the AIVI station, WSUI, for 
the stereo broadcasts.1 Live concerts are now being recorded 
in stereo for future broadcast on WSUI-KSUI. Choral music 
has been wisely chosen for the first tape recorded stereo-
casts due to the thrilling stereophonic effects possible 
with human voices in chorus. 2 
WCBS in New York City broadcast the 1958 Newport Jazz 
Festival in AM-FM stereo during July, but they compromised 
the signal so greatly for the benefit of single-channel 
listeners, that it was difficult to tell if the broadcasts 
.actually were two-channel.3 
rJiore successful results have been forthcoming each Sun-
day since July 1957, when KMLA (TII) in Los Angeles, and KCBH 
(FM) in Beverly Hills have joined forces for a 3 to 6 PM 
stereocast. On Christmas Day, 1957, the two stations joined 
forces for an entire afternoon of stereo. The ultimate in 
1Personal Interview with Carl Ivlenzer, Director of v-lSUI, 
Iowa City, December 26, 1958. 
2nvlSUI To Broadcast Stereo," Iowa City Press-Citizen, 
Friday, December 12, 1958. 
3c. G. McProud, "Editor's RevievJ," Audio, August 1958, 
p. 16. 
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sound broadcasting was thought to be this method of all-FM 
stereo.l 
At the same time, the Prudential Insurance Company spon-
sored its second annual stereo TV-radio broadcast "Christmas 
in Stereo," on KCRA-TV and KFI in Los Angeles. Eight years 
ago Prudential sponsored a stereo TV-radio broadcast of the 
Brigham Young University Christmas Hour on KTUT (TV) and 
KDYL, in Salt Lake City. In the fall of 1956 they paid for 
another KCRA-K:£i'I stereo program, "Scouts Onward. n2 
In October, 1957, KA:OO-AM & FM launched "Saturday in 
Stereo," an 8:00-10:30 PM broadcast series. KFAC followed 
in November with an AM-Fl\1 presentation of the Los Angeles 
Philharmonic Orchestra in stereo. 
The first TV-radio stereocasts brought to Prudential's 
advertising agency "The kind of fan mail we used to get in 
the early days of radio." To hear the all-FM stereocasts, 
neighboring families often got together, one family taking 
their FM receiver over to the neighbor's home so that both 
could hear the full reproduction of the music. The broad-
casts have pulled "at least 100 letters per week and 30 to 40 
phone calls. n3 
American Airlines decided to add stereo sound to their 
"Music Till Dawn" programs over KCBS in San Francisco. They 
1
"Stereophonic Sound: Ne"Vl Radio Iviedium," Broadcasting, 
December 23, 1957, p. 41. 
2Ibid. 3lli£. 
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had been discussing the possibility of getting an Ampex ster-
eo machine and basic tape library from the &~pex Corporation 
at near-by Red"V-rood City. The plan was agreed upon, and 'v·d. th 
a library of Bel Canto 2-track stereophonic tapes, KCBS began 
stereocasting for one hour, from midnight to 1:00AM, from 
JYiay 3rd to 9th, 1957, over her AM and FIVI. The "results were 
overwhelmingly pleasing.nl 
Next the idea was tried at CBS-owned KNX in Los Angeles. 
It met with even greater enthusiasm there, \vhen begun on JYiay 
18, 1957. The show was promoted extensively for one week, 
and Los Angeles took to the idea by storm. The Los Angeles 
Times' music critic said: 
We recommend that CBS heed the many calls which 
tied up their switchboard for hours after the program. 
• • • and give the high-fidelity enthusiasts, of which 
there are obviously a great ITany, the benefit of their 
fine achievement.2 
The next American Airlines stereo campaign was centered 
on WCBS in New York City. Plans were made to later convert 
other stations doing "Iv1usic Till Davm" into stereo. The only 
one that couldn't convert would have been 1:fLW in Cincinnati, 
which does not have an FM affiliate. American Airlines said, 
'~ve feel that stereo tape music on radio is more than a nov-
elty. ~"' Within a matter of years, it'll be the accepted thing.'~ 
1
"Airline Sho\'r Adds Stereo Sound," Broadcasting, July 1, 
1957' p. 32. 
2Ibid. 
3rbid. 
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KPMJI and KPFM in Portland, Oregon, have added an hour 
of stereocasting on Saturday'afternoons for "family listen-
ing." These outlets now have upped their stereocasting to 12 
hours weekly. 
"Jazz, Voices and Strings," the first stereophonic 
I 
program of \IJRCA-F.M and AM in New York, utilized specially 
recorded sound effects and songs by host Bob Haymes to 
height en the stereo effect. The station has also asked 
sponsors to provide commercial transcriptions in stereophonic 
sound. 
Also in New York, Zenith Radio Corporation had begun 
sponsorship of daytime stereocasts to enable its more than 
1,200 dealers in that area to demonstrate their stereo equip-
ment in stores. KFSD-FM marked their second anniversary of 
separate FM programming with a special stereo broadcast using 
stereo discs, and their AM side for the other channel. 1 
Another FM-Aivi station situated in Iowa, has been broad-
casting in stereo regularly for almost four years. The first 
stere ocasting activities of WOI and WOI-Fiv1 took place in 
December, 1955. The occasion was the Christmas presentation 
of the "Messiah" by the Iowa State College Orchestra and 
Chorus. The microphones were spaced about 30 feet apart in 
front of the orchestra, dividing the stage approximately into 
thirds. A second pair af microphones stood about three feet 
lnReport on FM," U.S. Radio, Vol. 2, October 1958, 
p. 72. 
172 
apart directly in front of the soloists in the chorus. The 
results were gratifying and obtained the enthusiastic cooper-
ation of mer11bers of the music departae nt faculty '::ho had ob-
jected to the presence of tvro "unsightly" microphones \IJhere 
one had stood before. 
After the Christmas holidays \IJOI presented a second 
stereocast, this time over itJOI-Flvi and \'JOI-TV. A visual dem-
onstration of ping-pong, tap dancers, marching bands, and so 
on helped to put the stereo explanation across to vie\lmrs. 
During the remainder of the 1955-56 season seven stereo pro-
grams were presented. In the fall of 1956 stereocasting 
began again in earnest. Pre-recorded two-track tapes were 
relied upon heavily. In January 1957, the schedule was ex-
panded by tvro hours weekly and that is the schedule folloii'Ied 
at time of writing.l 
On November 3, 1957, the first all-Fivi stereocast in 
NeK England, and v-1hat is believed to be the second all-Fl.'1I 
effort in the country, 2 took place in Boston. ~IJGBH-Fivi, 89.7 
me, andVJBUR, 90.9 me, joined forces that Sunday evening and 
each week since for "Dimensions in Sound." Robert A. Vogt 
of WBUR was the program coordinator, and found such gratify-
ing public response that the stations have continued the 
series, using pre-recorded stereo tapes,3 until May 1959, 
1vogl, QE.• cit., pp. 2-J. 
2After 1\JYILA and KCBH in Los Angeles. 
3"Three Dimension FI-1 Shovr," Boston University Register, 
November 2- December 2, 1957, p. J. 
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when a partial change-over to stereo discs was effected. 
Although the tapes provided the best possible quality for the 
excellent all-FM stereocasts, the svJitch to discs was neces-
sitated by the difficulty of obtaining suitable music on two-
track tape, due to the confusion caused by the tape cartridge 
announcements. The program is presently heard Saturday eve-
nings and is prepared by William Cavness and the writer. 
On February 6, 1958, the same t~t:o F'1JI stations broke new 
ground with "Jazz in Stereo!", the first time in the East 
that two FM stations had joined forces to present a live 
stereophonic jazz concert. Jazz authority Father Norman J. 
O'Connor presented the Jaki ByardBand direct from Boston 
University's School of Public Relations and Communications. 
Other stereo presentations of the tvm stations included a 
concert recorded at the Neiv England Conservatory and a per-
formance by Dave Brubeck recorded during his appearance at 
Ivl.I.T. 1 The world premiere stereophonic broadcast of ti-vo 
new American plays, "The Exiles" by James Noe, and 
"¥1rs. Namyreve's Descent," by Martin Halpern, took place 
over WGBH-FM and WBUR on Sunday, April 20, 1958. The plays 
were recorded at the Poets' Theatre in Cambridge. 2 
The writer took a stereo tape recorder to the 1959 New-
port Jazz Festival and recorded stereo intervie1.-vs with fig-
ures in the world of jazz. The interviews were played on 
lscript to "Jazz in Stereo No. 1," February 6, 1958, 
pp. 1-3. 
~lGBH News Release, April 14, 1958. 
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"Dimensions in Sound" with stereo disc recordings of Newport 
performances by some of the people intervievJed. "The Newport 
Jazz Festival in Stereo" marked one of the first uses of ster-
eophonically-recorded interviews. 
The cooperation of another Boston FM station was sought 
for the new series of full-length stereo concerts by the 
Boston Symphony and Boston Pops, which began on December 26, 
1958. WBCN (FM), at 104.1 me, records the Saturday evening 
concerts on two-track stereo tape, and then joins WGBH-FIV1 on 
Friday evenings to broadcast the tapes in stereo.l 
San Francisco's station KGO AM and FM believes it made 
stereo history with its broadcast on May ll, 1959, of Bert 
Bales' Dixieland Band. It was the first live stereocast in 
Northern California, and one of the first live jazz stereo-
casts anywhere. Station officials said response was over-
whelming and that more shows were planned.2 
Two educational television stations vJere recently 
granted a waiver of the rules to permit presentation of ster-
eophonic programs with radio stations for the second channel. 
The stereocasts were piE:sent ed by KQED, San Francisco, with 
commercial FM station KPFB in Berkley; and by \~1~, Chicago, 
with Chicago's commercial FM station WFMT.3 
lwaBH News Release, December 19, 1958. 
2"1Vrusic News" Down Beat, June 25, 1959, p. 13. 
3nETV Stereo Programming," article in booklet from Joint 
Council on Educational Television, Nov ember 1958. 
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The George Gobel NBC-network television program was 
given the stereo treatment in October, 1958, following ABC's 
efforts on the "1av,rrence \'/elk program. While AEC equipped 75 
stations with the TV-radio stereo conversions, an NBC offi-
cial exclaimed enthusiastically, "This puts a third dir:1ension 
on the whole thing. nl 
A stereophonic soundtrack on video-tape, probably the 
first venture of its kind, vdll accompany taped programs of 
the Bolshoi Ballet's visit to America at time of writing. A 
New York firm, Skiatron of America, 1.-lill produce four one-
hour tapes of the ballet troupe while an outside firm handles 
the stereophonic recording. 2 
Two Minneapolis stations, KUOiv.l {AM) and \"/101-FM, engage 
in stereocasts each Saturday afternoon for an hour and one-
half.3 An explanation for the absence of stereo programming 
on WUON at the University of Michigan was offered by that FM 
station in their program Wide. It typifies the attitude 
of many stations who are not entering stereocasting at this 
time: 
• • • why is it that more stations have not converted 
to stereo broadcasting? ••• First, the stereo tech-
niques applied to recording are new, and many years have 
been spent in perfecting this process. Secondly, there 
is still considerable disagreement among broadcasters 
1n·welk Welk; Gobel Gobel," Time, October 13, 1958, p. 53. 
2
"Skiatron 'definitely' ldll tape Bolshoi," Broadcasting, 
~~y 25, 1959, pp. 80-81. 
3"KUO:fv1 :rvrusic Highlights," article in KUQI\IPionthly Pro-
gram Guide, Spring 1959. 
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and engineers as to the best nethod of stereo broad-
casting. Third, the Federal Conrr11Unications Corrunission 
has not yet approved, except experimentally, any system 
of FM stereo broadcasting •••• 
To achieve •••. co~atibility, the VnJOM engineers have 
been studying the LCrosby Syste~. This system is nm1 
being experimentally used. • • • 1:nJOM has, in addition, 
studied some of the other methods for stereo broadcast-
ing, and found them wanting, particularly as to compati-
bility. • • • 
And where does vJUDr•1 stand: Conversion of its transmit-
ter and audio facilities vdll be an expensive procedure, 
and necessitate careful planning and experimentation. 
Until we are satisfied that we will not sacrifice qual-
ity to our rcany listeners vii th their present equipment 
and still offer go~d stereo quality, 1::e will not convert 
the station. • • • 
Stereocasting Activity Abroad 
Around the world, stereo radio 1-,.a s raade as much headway 
as in th~ United States. One of Euro oe' s most imuortant 
- " 
radio stations, Radio Geneva, in Switzerland, is making great 
efforts in the field of stereocasting. 2 The 'Vlest Germans 
reportedly "have perfected FM radio and FI-1 stereo to quite a 
remarkable extent." Broadcasting in \'Jest Germany is 80% FIVI 
and in broadcasts to the Soviet Zone, gets through the Rus-
sian jamming that 1..vould stop ordinary AH signals most of the 
time.J The Japanese government is making weekly stereocasts 
1
"Behind the Scenes," Article in ':JUON I'·1onthly Program 
Guide, University of Michigan Broadcastin,; Service, Ann Arbor 
Michigan, November 1958. 
2Karl Haas, "The Role af 1--J:usic in European Broadcasting,' 
NAEB Journal, February 1959, p. 21. 
3otto Zausmer, "American-Sponsored Radio Has J.i.eds Buf-
faloed," Boston Globe, March 18, 1959. 
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on t·vw Al'.1 channels that are very popular v:i th the population •1 
The British Broadcasting Corporation began stereocasts 
in January, 1957. Their system was based on the realization 
that many British homes have both television and radio sets 
at hand. This provided tvJo loudspeakers and associated amp-
lifiers which could be knit together to give the listener a 
f d . t• 2 s . sense o soun J.n perspec J.ve. tereocastJ.ng was not ne1-·T to 
the BBC, for they had carried out stereo experiments in 1926 
using Alv1 transruitters.J 
For the recent stereo casts, a number of transmitter tie-
ups 1r1ere used. Usually the Third Programrae transrr,i tters and 
all the television sound transmitte~ throughout the country 
broadcast the right-hand channel's sound, v.Jhile the Home 
Service or Light PrograrM1e transmitters broadcast the left-
hand channel. After the first stereocast, over 100 people 
I"Trote the BBC telling hovr it had sounded. About half remarked 
of difficulty in adjusting the receivers. This vms due to 
the different time lengths in the signals' travel from 
speakers to listener over different paths and to the differ-
ing qualities of sound from mis-matched speakers. Phasing 
was said to cause difficulty also. Both speakers should move 
1Ed Snape, "Hi-Fi with that Coffee Aroma," .Audio, Decem-
ber 1958, p. 21. 
2nsounds for Two Ears," Engineering, February 1958, p. 
224. 
3H. T. Greatorex, "Stereophonic Brcadcasting,tt The 
Listener, October 16, 1958, p. 605. 
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in and out at the same time, since the stereo effect depends 
on phasing differences at the ears and the unequal phasing 
of speakers vvould affect this. Random phasing of the speak-
ers held out a 50-50 chance that the sound vmuld be balanced. 
v-lhen more stereo transmissions were made in 1-::ay, 1958, the 
phase was reversed by the BBC half-way thr'ough the broadcasts 
In this way, listeners 1-vere assured that they would have the 
proper conditions for at least half of the time. Listeners 
in the London area got a more pronounced effect than those 
in outlying areas. This was because of modification of the 
signals by the landlines connecting the London studios to 
various transmitters around the rest of the country. 
The programs were assembled from stereophonic tapes and 
stereo discs. Later, it was intended to use stereo tape re-
cordings made by BBC engi.neers, and also to use live pre sen-
tations. Since the system used is not compatible, the 
experiments in Britain are made outside normal broadcast 
hours, but the BBC is studying the methods of multiplexing 
with a view to introducing this system soon on the VHF {FM) 
band transmitters.2 
It is obvious from the above that many stat ions are in-
terested in multiplex, but are afraid of going ahead until a 
decision on a standard system is made. There are at present 
1nsound for Two Ears," .QE.• cit. 
2areatorex, Q.E.. cit.; also "Available Stereo phony," 
Engineering, ~~y 2, 1958, p. 576. 
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at least six FI-1: stations around the U. S. using exrerimental 
licenses for multiplexing and over a dozen companies are 
planning or making multiplex adapters selling for between $50 
and $85. 1 One model, from Sherwood Electronics, has svJi tch-
ing arrangements enabling it to be used in receiving several 
different systems of multiplex. 
Even if it is slo\ll.r in coming, the final decision on a 
standard system by the National Stereophonic Radio Committee 
and the rule-making of the FCC will be v10rth the vv-ait and 
anxiety, permitting stereocasting to proceed vd thout confu-
sion and take its place beside the other media as the most 
important purveyor of stereo sound. 
1
"FM Pioneer, Associate Open \'/GHF (FM) vlith Twin Iviulti-
plex," Broadcasting, July 15, 1957, p. 98. 
2"Broadcast stereo increases," Electronics, November 14, 
1958, p. 46. 
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CHAPTER VII 
THE IMPACT OF STEREOPHONIC SOUND 
UPON THE INDUSTRY AND PUBLIC 
Stereophony is riding a fantastic wave of publicity 
created by phonograph and tape recorder makers, recording 
companies, appliance and hi-fi dealers, component manufac-
turers, and broadcasters. Magazines and newspapers are giv-
ing stereo miles of publicity. When Reader's Digest ran an 
article on the subject, critics of the scene could be certain 
that stereo had really arrived in the public eye. 
The result of this tidal wave of stereo promotion has 
been a revolution in technical and manufacturing styles in 
the industry, and widespread interest and curiosity in the 
public. Stereo is now so fashionable tl~t no radio or phono-
graph advertisement would omit mention of it. Unfortunately, 
the subject has suffered from technical misunderstandings in 
many cases, and the public has been confused.l 
Stereo Standards 
Fortunately, the meaning of stereo can be well estab-
lished. This was not true of "high fidelity," which was used 
lttJYieaning of Stereo," Broadcasting, February 9, 1959, 
P• 134 • 
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mainly as an advertising misrepresent at ion on many phonographs 
and recordings. In 1954, Bert Whyte accused the advertisers: 
Not content vr.i.. th usurping the true meaning of the term 
high fidelity, they have ventured further afield \·lith 
new advertising asinity. NO\AT all the sterling equipment 
they make is not only "high fidelity," it is "three-
dimensional" and "stereophonic" as Hell! 
That the • • • phonographs they manufacture do not 
and cannot repro due e stereophonic sound, goes vdthout 
saying •••• The only thing these tv.'o and three speaker 
phonographs can give you is sound dispersion •••• 
This • • • has £een used by high-fidelity enthusiasts 
for many years. 
Hov;rever, since there are no standards of high fidelity 
performance, it is not possible to charge false advertising 
and misrepresentation v-Jhen an advertiser claims a $29.95 
phonograph to be a "high fidelity" instrument capable of a 
30 to 20,000 cycle range with good quality.2 
In addition to the definition of stereo disc recording 
previously mentioned,3 and the soon-to-be decided definition 
of stereocasting, the ~~gnetic Recording Industry Association 
has also issued a definition of stereo. The definition was 
v-1ritten by the Association's standards committee, headed by 
C. J. LeBel, and 1rrill be useful in determining whether or not 
a unit or recording is truly stereo, providing a yardstick 
• 
for measuring advertising claims: 
1Bert Whyte, "Certified Record Reviev-r," Radio-TV News, 
February 1954, p. 56. 
2r1 ilton B. Sleeper, "A Complete Hi-Fi Home Installa-
tion," Hi-Fi Music at Home, October 1957, p. 174. 
3supra p. ~~~. 
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Stereophonic, stereo (binaural, deprecated): A 
technique of transmitting sound ~1ich employs two or 
more complete transmission channels for the purpose of 
creating in the listening environment the sense of audi-
tory perspective inherent in the source environment. 
Each channel must include separate microphone, amplifier 
and loudspeaker, and may have one channel of a multi-
channel recorder and reproducer interposed as a time-
storage device.l 
vfuen hi-fi first hit the market, sales of LP records 
released without the hi-fi label dropped suddenly. Victor 
salesmen found a quick solution that was soon follOi'.'"ed by 
other companies. They took a roll of gold-colored stickers 
saying "Especially for HI-FI FAI·TS," visited dealers, and 
stuck them on all albums in sight. Sales immediately vv-en t 
back up. 2 Later the album covers were changed to employ the 
vmrds NEVI ORTHOPHONIC SOUND displayed in large letters in as 
many places as it could be fitted. This situation is not as 
likely to happen with stereo, although some shysterisms are 
suspected in the release of many of the nev1 stereo discs. 
R. S. Lanier advises the consumer to be skeptical 1t1hen 
choosing stereophonic phonograph equipment: 
• • • there is a 1t1arning o1tred to those who have not pre-
viously lived for some time with high-fidelity reproduc-
tion. When they first hear a stereo machine projecting 
some of the music from the left speaker and a different 
set of instruments from the right speaker, they are apt 
to be carried away with delight. But stereo has not 
changed the old, old rules of psychological response to 
reproduced music. Startling effects can make the listen 
1Personal intervie'ttJ with Edward Hasterson, IVIanager, 
Columbia Records Distritutor, Boston, May 5, 1959. 
2R. S. Lanier, "Hi-Fi: Tips on Running Two Tracks," 
New York Times, Sunday, February 1, 1959, Section X, p. 1$. 
er overlook ragged response and high distortion at first, 
but these faults gradually become more obtrusive until 
he can't bear to turn the machine on •••• So don't buy 
a bottom-cost stereo machine ~rJithout giving it a full, 
skeptical hearing.l 
Stereo Sales 
While results have certainly been seen, the sales of 
stereo equipment have quite frankly not reached the heights 
predicted by members of the industry early in 1958. Accord-
. 
ing to a Columbia Records executive: "Stereo so far has to be 
sold and no one so far has come up with a good way to sell it. 
There was not enough orientation as to what stereo is. Every-
one seemed to have their own sales gimmick as to hovr to sell 
stereo. 2 
Sales of monophonic and stereo phonographs at Columbia 
were aff 25% overall in 1958 due to confusion of dealers and 
customers over stereo. Customers reportedly had visited six 
or more different stores, only to hear just that many differ-
ent explanations of stereo from dealers. Every type of music 
is not fitted to stereo "effects," and so far material had to 
have a wide appeal to be released on stereo discs for the 
companies felt: "We have to aim for the middle man. n3 
London Records claimed in ~ay, 1958 that monaural re-
cording was dead, and that to prove it they vrould henceforth 
1Ibid. 
2Masterson interview, .2.E.• cit. 
3rbid. 
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release only stereo. This was commendable, since their ster-
eo records are so good. But after several months, they 
changed their tune and made monaural records more easily 
available again. A Columbia spokesman said: "If vve did that 
we would have had an awful year." The year has not been bad 
at Columbia since stereo entered the ·picture. It accounts 
for an estimated 10% of the record rusiness to present,l and 
now makes up between 20% and 25% of the record sales. Colum-
bia has found that new factors enter into choice of material 
to be released, since the entrance of stereo. For example, 
Columbia has released a single disc of highlights from the 
complete musical score to the ne"VT Samuel GoldV"Jyn film "Porgy 
and Bess," instead of a complete recording of the opera 
score. The company felt that a several-disc stereo album, at 
the price of one dollar mare per record over mono would be 
too expensive to sell enough copies on the narket.2 
A small company, Jubilee Records, feels that 25 to 28% 
of their business in 1959 will be stereo. They tape all "45" 
single releases in stereo nmr, providing L~aterial for the 
stereo jukeboxes and new home "45" stereo players. They sug-
gested that no company at present VJould bring out a popular 
1Ibid. 
2Personal intervie\llr with Peter I•Iumves, Columbia Records 
Sales Department, New York City, May 18, 1959. 
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music disc in only monaural versions, because it vrould sell 
too fe"'tl copies to make it "VlOrthwhile .1 
At the request of the writer, the manager of a fairly 
large record retail store -- one of the largest in Iowa --
kept an accurate account of the ratio of sales between stereo 
and mono reccr ds from the time the first release arrived at 
the dealer (July 1958) to the time of writing. 2 (See Table 
2.) In one year the ratio of sales of stereo discs to mono-
phonic discs increased from 2.4% to 19.1% of the total. 
Another record dealer, one of the t"':JO Radio Shack stores 
in Boston, began his sale of stereo discs in August, 1958, 
also with very srm 11 sales at first. After the first of 1959, 
there was a sharp rise, and nm.r the stereo disc sales amount 
to about 15% of record sales. This figure does not shmr the 
effect of tape sales, which are practically all stereo now, 
because the tapes are bought in bulk ~~d sold strictly as a 
turn-over item) 
A dissenting vievrpoint vras heard from '\'lalter Scott, man-
ager of the Boston VJ:usic Company. Stereo sales at this store 
I I v-rere far belov-1 the national average, amounting to only 5~b. 
Ivir. Scott expressed the sincere wish that stereo discs had 
1Persona l interviev; with Joseph Caro, Jubilee Records 
Album Sales Promotion, Nevl York City, l•.i.ay 18, 1959. 
2Letter from Robert Bush, sales manager of Canmus Record 
Shop, Iowa City, June 12, 1959. -
3Personal Interview "V:i th Mrs. Carrie Nemser, chief book-
keeper, Radio Shack, Boston, April 6, 1959. 
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TABLE 2 
MONTHLY RECORD SALES IN A HETAIL STORE 
FOR THE PERIOD JULY 1958 - lvJAY 1959 
lviONO STEREO 
-
JULY 1958 1016 25 
(units sold 
AUGUST 866 30 figures) 
SEPI'EMBER 1034 47 
OCTOBER 1365 84 
NOVENBER 1161 77 
DECEHBER 2397 286 
JANUARY 1959 1529 160 
FEBRUARY 1459 232 
MARCH 1258 217 
APRIL 1060 243 
MAY 1229 235 
Factors which mig}lt be considered in the figures: 
- An LP sale January 26 to end of February 
- Victor and lJiercury Records stereo sale (2nd record 
for $1, which ran March 14 to end of ApriJ} 
- Columb~a Jazz Festival disc sold in May for 98¢ mono 
and ~1.49 stereo (100 mono and 30 stereo sold) 
- London lJiontovani sampler sold in Iifla.y for ;i~l. 98 mono 
and $2.49 stereo (50 mono and 20 stereo sold). 
(From sales manager of Campus Record Shop, Iov.ra City, 
Iowa, June 12, 1959.) 
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never been put on the market. 'While the equipment is excel-
lent and many persons are investing in it, l'Ir. Scott feels 
that most of the recordings are only psuedo- stereo, v.Ii th 
monaural tapes as the starting point, in vrhich there has been 
some tampering with the frequency response or reverberation 
on the tviO channels so as to achieve a fake "enhancement." 
Many customers have returned stereo discs, he said, because 
they were not stereo as advertised, and he agreed v·:i th them. 
Some dealers shovr exaggerated volume sales on stereo 
discs, according to I>'lr. Scott. He mentioned some hi-fi deal-
ers who had never sold ordinary LP records, so v.Jhen their 
sales figures show that stereo sales are up 100%, one can un-
derstand how this can be. Other dealers' sales figures often 
show that they have sold more stereo discs than they bought 
from the distributor, an impossibility unless someone is 
blowing up the figures to promote business. The vital need 
for consumer education was illustrated by I~Ir. Scott's des-
cription of customers who have bought stereo di-scs even 
though they don't ovm a stereo phonograph, or even a stereo 
cartridge in their regular phono so as not to injure the 
discs. They think they are listening to the latest thing in 
the world of sound, v-rhen actually the result is probably 
poorer than the mono version v,'ould sound on a mono phonograph, 
and at the same time the record is probably being slowly 
ruined. 1 
lPersonal interviev.r vlith Ivlr. \'lalter Scott, Hanager of 
the Boston lciusic Company, June 27, 1959. 
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Tape recorder sales, while on the down-sv'ling at present 
(along vJi th TV) have still made a large mark since the intro-
duction of commercial stereophonic tapes, topping the yearly 
half-million mark. Sales of pre-recorded tape amounted to 
only $4,000,000 in 1958, but the big attraction is home re-
cording, and v.rhen the tape problem is settled, figures vdll 
probably rise again.l 
Hi-fi dealer Mort Farr2 is also worried about the con-
flicting opinions on stereo that lead a customer to doubt 
everything. He feels it 'ltras unfortunate that just because 
Audio Fidelity placed a few stereo discs on the market, every 
manufacturer thought he had to put some version of stereo on 
the market in a rush. The result, says Farr, v'ras a lot of 
warmed-over package sets that confused the public. They had 
barely learned 11hat hi-fi was, and then stereo hit them. 
Farr thinks the public will finally decide vrhich direc-
tion the industry will take. Hight now many dealers are sell 
ing less stereo and non-stereo packages than they did the 
last previous hi-fi only year. Farr says the masses want a 
sma 11, single-cabinet set, a piece of "nice-looking furni-
ture." Sound needn't be technically perfect to please them. 
A beautiful cabinet with multiple speakers makes a more sale-
able item than a more perfect flat-response amplifier that is 
1stereo Tape Recorders," Consumer Reoorts, October 1958 
p. 520. 
2Mort Farr, "Let's Sell Stereo Not Confusion," Elec-
trical r,1erchandising, June 1959, p. 30. 
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housed unattractively. Farr also ·Karns about the use of 
demonstration material in the store that doesn't suit the 
customer's taste, or is poor quality stereo recording. Often 
the customer judges an instrument by the recording being 
played on it rather than the way it plays the music. 
Separate .A:M-F'Tll: radios "\\WUld be ouite a stereo attraction 
in package sets, says Farr. Most of the nublic's doubts 
should noY.r be over, and the manufacturers should not confuse 
them further by battling over "gimmicks." So:me stability in 
the market exists, assures this dealer, and if stereo can be 
sold as a better concept in musical reproduction, the fall 
of 1959 can begin a big year of stereo sales.l 
Stereocasting is seen to offer great "creative" oppor-
tunities to advertisers. Ivla.civianus, John & Adams, for exam-
ple, did some stereo conunercials for Cadillac. Only the 
music was stereo, with the announcer's voice quietly coming 
from only one channel. J. F. Africano, production coordina-
tor at the ad agency, said he was unable to receive comment 
on the commercials, but would like to do more for any station 
interested. He added that advertisers seemed much more in-
terested than broadcasters. 2 
Perhaps the reason for this is some of the possibilities 
that brc:a dcasters envision in stereo commer.cials. The Ply-
2nstereo broadcasting: What does it mean to advertis-
ing?,n Printer's Ink, October 24, 1958, p. 24. 
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mouth auto commercial run by •:JCRB is only a scratch on the 
surface. Much more than a honking horn is possible. In an 
auto commercial, engines may be started, doors sla:rnmed, gears 
shifted, all right in the listener's living room. Printer's 
Ink sees even more: 
Another possibility might be the comrnercials that 
use the sound effect of a high-powered rifle to drama-
tize the effectiveness of a home remedy. Imagine the 
same commercial when the rifle crack comes from one cor-
ner of the room and the whine of the bullet seems to 
echo across the room and out the opposite vTall. 
And with two different loudspeakers, commercials 
based on husbe.nd-wife conversations would make the ad-
vertiser seem like a visiting neighbor. From one corner 
an unhappy "'vdfe complains of nagging backache • • • and 
from across the room, the helpful comforting voice of her 
husband suggests that perennial brand of pills.l 
Varied Techniques of Stereo Presentation 
The process of creating stereo begins ',rJi th the r:licrophone 
placement in the studio. There are nov,r two predominant meth-
ods of setting up the microphones: The "American" system, 
and the "European" system. 
The American system simply places the tv:o (or three) 
microphones in a line parallel to the edge of the stage or 
performing group. The spacing is often very v:ide, as much as 
30 feet for special effects, especially when 3-channel record-
ing is used to provide a center microphones and "phantom" 
channel on the final recording. The European, or "Stereo-
sonicn system uses two microphones close together, often in 
1Ibid. 
191 
the same case. The microphones point out at 45° angles to 
the sound sources and each has a bi-directional (figure 8) 
pickup pattern. There is no phase difference in the result-
ant recording, just intensity differences. Another European 
system is called "Middle-Side Stereophony." In this one, 
one semi-directional microphone and one bi-directional are 
used. The semi-directional microphone is pointed directly 
at the sound source from a position similar to that used for 
making a monaural recording with a single microphone. How-
ever, the bi-directional microphone is then placed just be-
hind it, and at right angles to it in pattern, so that it 
picks up primarily the right and left sides of the sound 
sources, out of phase by 180°. \'lhen cowbined by the "sum and 
difference" method, one channel has all the left side sound 
and the other has all the right side sound, while both have 
an equal and generous balance of center information. 1 
A review of an Angel stereo tape recording of the Brahms' 
"Double Concerto" illustrates the subtler vi evJpoint in regard 
to the qualities which are stressed in the European system 
of recording by the above methods: 
The whole thing seems to come do\vn to a choice of 
values. Whereas the usual goal here is textureal trans-
parency and brilliance, sharpness of separation, and the 
illusion of sitting in the very center of sound complex, 
Angel's British engineers appear to be trying for a less 
spectacular, more homogenous overall effect. 
1Herman Burstein, "Stereo Glossary," Radio-TV News, 
October 1958, p. 70. 
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For one thing, the miking is neither so close nor 
so crucial as ours. This makes for less immediacy and 
brilliance, but it also insures an unforced sweetness of 
tone with no edginess in the highs. The Brahms recording 
has a full sound spread and adequate separation, but in-
stead of dramatically pin-pointing the instrumental 
voices these are ble~ded toward a more natural effect of 
integrated ensemble. 
Harold Lawrence, artist and repertory man for Mercury 
Records, feels also that directional effects are being over-
stressed in our stereo recordings, just because they are the 
most obvious thing to the stereo novice. Ivlusical selections 
are being recorded for stereo discs with directionality in 
mind, being "scored for stereo." The brass is often all on 
one channel and the rhythm on the other, resulting in a "hole 
in the middle." Lawrence feels symphonic music calls for 
more subtlety. The dimensions of depth, spaciousness, and 
"spread" of sound are important too. Some recordings have 
been putting the soloists entirely on one speaker or the 
other -- this isn't natural. The true balance and perspective 
should dictate instrumental placement at a recording session, 
says Lawrence. 
Recording a solo instrument is called the most challeng-
ing stereo recording endeavor, more so than even recording a 
full symphony orchestra. There has been a tendency to blow up 
the sound of a soloist to larger-than-life-size. Inept place-
ment of microphones or differing characteristics of the mi-
crophones themselves are otrer errors made frequently. This 
1nTapes in Review," Saturday Review of Literature, Decem-
ber 27, 1958, p. 42. 
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gives the instruments split personalities and often causes 
the natural homogeneity of· small charnber groups to be pulled 
apart. These remarks, according to Lawrence, 
••• reflect some of the problems that still challenge 
the industry -- problems that viill surely be eliminated 
by close collaboration between musical and technical per-
sonnel • .L 
Mr. Lawrence disputes 
" • • • the false impression that has been created 
in the press and elsewhere that stereo makes improvement 
only in certain types of music -- namely, opera, choral 
works, and heavily coloristic orchestral music. 
Other artist and repertory men from leading recording 
companies expressed their feelings in a compilation of stereo 
opinion putilished in the New York Times. David Oppenheim, at 
Columbia, felt that "· •• in the beginning of a new develop-
ment the audience interest is concentrated in those aspects 
of the music that a change serves best. But as time goes by 
the interest becomes greater in the more important musical 
values." ·wart Botsford, from Vox Records, believes solo 
works do not benefit from stereo: ". • • the unaccompanied 
instrument often gets some unwanted musical accompaniment," 
11 But Richard Jones, at Capitol Records, disputes this view: 
"· •• in the stereo recording you're putting the solo in-
strument in what amounts to a proscenium arch, with all of 
tl its musical advantages. 
1Harold Lawrence, "Musical Values in Stereo,n Audio, 
October 1958, pp. 88-89. 
2
.Joseph Michalak, "The A & R Job has not Changed Very 
Much," New York Times, Sunday, March 15, 1959, Section M, p. 3. 
194 
\'lestminster Records' Kurt List says that stereo c2"n give 
a solo instrument ". • • a rounder, vlarmer sound vJith infin-
itely better feeling of the cone ert. • • • so far 1•re have 
cone ent rated on the more popular large-scale works, because 
there aren't enough stereo sets in existence to make adven-
turing feasible." Or, in the ,,rords of Botsford again: "Let'::: 
face it, the craze for stereo has not been as intense as ex-
pected." At London Records, it has be en intense enough, hmv-
ever, to make best-sellers of stereo repeats of old standard 
monaural vlorks, and A & R man Remy Farkas states: "Not a 
musician of consequence believes that the nonophonic system 
is better than the stereophonic for any kind of music. If 
such a revolutionary change in recording were not an improve-
ment it would die -- and deserve it." 
The Times states that stereo has reached a state of sus-
pended economic animation. The record companies are waiting 
for the public to buy enough stereo equipment to justify an 
across-the-board release. The public is, at the same time, 
waiting for proof that there 1rill be a steady diet of stereo 
music for their stereo sets.l 
vfuen bringine; out his nO\'J-obsolete stereo disc system 
in 1952, Emory Cook suggested a fev: directions of stereo re-
cording in which not to go: 
(1) don't separate parts of the band too much, 
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~ .. · ( 2) don't use overly "bright" studios acoustically, 
(3) don't monitor and balance the stereo recordings 
in small, odd-shaped control roon:s and then expect 
the recordings to sound good in large living rooms. 
It vJOuld be better to use headphones •1 
Jazz A & R men are not sure what jazz in stereo should 
sound like. There are no criteria to use, such as "concert 
hall reality," since jazz is recorded 'tTi th extrehe ly close 
microphone placement and accent of bass frequencies ';Ihich 
bear little resemblance to a live performance of classical 
music. Enoch Light of Grand Avvard Records split the band 
do\'m the middle, even dividing the rhythm section in the 
first stereo recordings made by his company: 
My thought was to combine cor,unercialness vdth 
respect for the music. To make stereo comrnercial, you 
have to make it as startling as you can, but having made 
it commercial, you must then make it musically satisfy-
ing so that the listener gets the effect of everything 
standing out sharply.2 
At Decca, Ivlilt Gabler feels that 11 girnmicks have no 
la • • II p ce ln Jazz. Neshuhi Ertegun at Atlantic and George 
Avakian at Columbia see the "ping-pong effect" as illogical. 
According to Avakian, the best results are gotten by sharply 
dividing the band, but a.llo'\IJing some leakage between the ti·:o 
channels in mixing, and in using a center microphone for a 
"phantom channel:" 
1Emory Cook, "Recording Binaural Sound on Discs," 
Tele-Tech, November 1952, p. 50. 
2Quoted in John S. tlilson, "'VJhat Should 2-ch::mnel Jazz Be 
Like?," New York Times, Sunday, I'>larch 15, 1959, Section Tvi, p. ll. 
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The result is a recording that is slightly diffuse 
so that it focuses on the center but still has enough 
separation to convince the customer y-.rho vvants ping-pong 
that it's there. 
And finally, at Riverside Records, Orrin Keepnews feels now 
that he has gotten over his early idea that stereo was just 
a gimmick and confesses that "nov: I look on stereo as equa.l 
but separate. nl . . 
Another lament about the over-done directional effects 
on some recordings comes from J. Gordon Holt. 2 He describes 
10-foot-long accordians and singers who jump from speaker to 
speaker with lightning-like rapidity; also orchestras neatly 
sliced down the middle into two parts. In reaction, others 
have mixed the two channels so much that the sound is indis-
tinguishable from the monophonic version of the same material. 
Engineers seem to have differing ideas of hoK far apart 
the listener's speakers are. A good stereo recording should 
sound like an actual performance. It should be free of dis-
turbine quirks. Any stereo deficiency vrill manifest itself 
as a certain flavor of falseness, vrarns Holt. He believes 
that the amount of directionality should be related to the 
distance from which it was JniC rophone d. A recording that 
sounds distant should not have as definite instrumental local-
ization as a close-sounding one. This holds true for solo 
1Ibid. 
2J. Gordon Holt, ttHow To Tell Good Stereo From Bad, n 
New York Times, Sunday, 1·1arch 15, 1959, Section I'-1, p. 12. 
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reccrdings also. The farther the soloist from the speakers, 
the less definite should be his location. Some recordings 
are miked too close and would greatly benefit in blending 
and rich texture if recorded at a greater distance.l 
George Ma:rek of RCA Victor finds that stereo greatly 
enhances opera because of the illusion of stage movement it 
gives it. 2 It is for this reason that stereo had achieved 
some of its best efforts so far with recordings of complete 
operas. There are t·vro "VJays of getting action into stereo 
opera productions, according to John Culshav,r: you can keep 
the singers standing still and have them seem to move about 
by "pan-potting" or you can leave the controls alone and make 
the singers move physically. The first is no more than a 
useful adjunct to the second. Some more of Culshaw's ideas 
on stereo opera: 
••• Stereo opera is, or should be, capable of 
suggesting much more than the simple physical effect of 
a singer's changing position from right to center, or 
right to left: It should give the singer freedom to 
move in such a degree that, as on the operatic stage, 
the movement itself may well, to some extent, determine 
the inflection of whatever musical phrase is being sung. 
In other "VJOrds, the singers have to act, and in acting, 
they move • • • 
• • • the heart of the stereo opera problem • • • 
is summed up in one question: are people '~'rho buy com-
plete operas collecting voices or performances? If the 
answer is performances, then positions and perspectives 
matter (vrithout them, the system is merely an improvement 
in sound qu~lity and nothing else). If voices only, 
they don't • .:S 
2Mi cha lak , 2l2.. cit • , p • 3 • 
3John Culshaw, "Songsters in l,lot:i.on," High Fidelity, 
November 195$, p. 45. 
A curious by-product in stereo recording involves the 
standard 2¢ per tune royalty paid to publishers and writers. 
The Copyright Act still allows only 2¢ per tune on stereo 
recordings, even though the disc is more expensive than a 
monophonic one. The "Berman theory" has been advanced by 
Al Berman, administrative aide to publishers' agent Harry 
Fox, who collects for mechanic el usages. According to this 
theory, the disc companys "Vrould have to pay "2i per ear" on 
tunes recorded in stereo. 1 
Opinions of Stereo's Effect 
No other conductor had addressed hir;,self so energetic-
ally to the special problems of making music for the micro-
phone as Leopold Stokowski. Here are some of his oyinions 
on stereo: 
The present system of recording on tape ,,;i th three chan-
nels is a thrilling experience for the listener v.Those 
repro.ducing equipment is capable of conveying all that 
is on the three channels and blending it in the right 
proportions. • •• 
The idea of high fidelity • • • began a long time 
ago. • • • The goals "Vlere full frequency and full inten-
sity sound reproduction • • • These ideas and ideals 
have been gradually developing ever since. But we are 
still far from their complete realization. Only through 
further research on the ~rt of physicists, and a better 
understanding of the potentialities of recorded music on 
the part of musicians, vdll a higher degree of fidelity 
be achieved.2 
lnt2 Cents' Ylorth' As a Low Ceiling For Hi-Fee Stereo," 
Variety, Wednesday, April 1, 1959, p. 49. 
2Leopold Stoko·Nski, ttA musician looks at hi-fi, 11 
American Record Guide, October 1958, p. 103. 
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Igor Stravinsky explained in the Times how he hears the 
nevJ sound: 
Vlhereas the angle forE1ed by a live orcl:1estra and 
our tvm ears is about six inches, the angle at 'idlich the 
stereo microphone hears the same orchestra for us is 
sometimes as great as sixty feet •••• the distance be-
tv;een the speakers has become the "microphone" instead 
of the speaker it self, as v1as the monaural case. • • • 
Stere'ophony has already influenced composed music. 
At the most superficial level this amounts to an exploit-
ation of the stereo effect. • . • by "building" stereo 
"in," creating distance and separation by l'e seating the 
orchestra, etc. ('1lhen I listen to this sort of music I 
find ;nyself looking in the direction of the sound, as 
one does in Cinerama; therefore "direction" seems to me 
as useful a vrord as "distance" to describe this effect.) 
A more profound influence of stereo 1·:ill come 1;hen COiT,-
posers see that they have to construct on indepeEdently 
interesting "middle dimension." • • • 'c.he only new sterec 
records I 1'.!3. ve heard are my "Threni" and Columbia's 
forthcoming records of Schuetz, Varese, and Berg • • • 
these discs contain the most satisfying recorded sound 
I have ever heard • 
• • • I expect that when I am accustomed to it, to its 
much greater volume and dynamic range, to its really 
remarkable ability to clarify orchestral doublings, to 
its ability to create the distance between a close in-
strument and a far avmy instruraent, I knov: I vJill soon 
be unable to listen to anything else.l 
The lJiadison Avenue opinion on stereo is quite different 
I from that of the musician. Kevin Sv'Ieeney, president of the 
I 
Radio Advertising Bureau, has this vie1·: of stereo: 
Stereo is a great sales girn;:dck and it is selling 
a certain classification of advertiser because it per-
mits him demonstration. A great many of the sales that 
are being made are very intelligent sales and intelli-
gent buys for that reason. A distributor with a number 
1 Igor SJ,~ravinsky, "NevJ Sound As Stravinsky Hears It," 
Ne"\'l York Times, Sunday, 1-Iarch 15, 1959, Section I•I, p. 1, 14, 
passim. 
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of lines of stereo equipment couldn't possibly buy a 
better medium than am and fm radio on a stereo basis. 
But what does it mean in the long run to our big, basic 
advertiser?l 
Arch John Catapano, advertising man from Merrill Lynch, 
Pierce, Fenner 8c Smith speaks thusly on stereo: 
I think t~at stereo, and particularly stereo equip-
ment, will grow very sharply in coming years. It's 
caught the consumer imagination, ·whereas colo~ TV has 
not, and I don't kn01;: v1hy. It's probably a question for 
psychologists. But the fact is that every company that 
I'm familiar vrl. th is increasing its production schedules 
for stereo equipment, and some companies supplyins equip-
ment to the industry are back-ordered.2 
\'Vhen an interviewer asked which company seemed the 
brightest in the stereo field, Catapano s.s.id he vmuld put his 
money dovm on Zenith, RCA, Motorola, and Sylvania; .all package 
set rm.kers. The interviewer found this an interesting con-
trast to a quote of the Institute of High Fidelity Manufactur-
ers, which said that growth "v'rould come in component stereo 
equipment, vJhich provided the best stereo fidelity. Catapano 
explained: 
When I say that the future here lies in the packaged 
sets, I 'rn talking about the rm ss public, rather tban a 
limited public. Sure, you probably vJould get a better 
unit as far as tone fidelity is concerned if you were to 
package your <Mn set. But I just don't feel that the 
mass public is interested or able to assemble their own 
unit s.3 
lttHave Audience, Can Sell -- FH, 11 Broadcasting, Febru-
ary 9, 1959, p. 110. 
2 nrvierrill Lynch Rates Radio-Tv,n Broadcasting, I-iarch 16, 
19 59 ' p • 13 2 • 
3Ibid. 
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As for the consumer himself, Harold Lawrencel thinks he 
has only a rough idea of the nature of stereo. But record 
salesmen will maintain that the average record buyer thinks 
of the stereo discs as having made obsolete the "hi-fi" rec-
ord. Dedicated audio enthusiasts wince over these n:.anifes-
tations of the prevailing ignorance over the meaning of 
stereo. Lawrence thinks the mass public is little concerned 
with high fidelity although they may say they are. He calls 
attention to the audience reaction in a theatre when the film 
is poorly adjusted. They stamp their feet, clap their hands, 
and whistle. HovJever, give that sarre audience "galloping 
audio distortion" in the movie sound track, and it 'lt:ill sit 
back contentedly and fail to notice the :raost obvious abuses 
to the ears. 
David B. Smith, vice-president of resec;.rch at Philco 
I 
Corporation describes his feelings on consumer impact: 
vle 're all steamed up a bout stereo. We believe it 
will make a tremendous impact on the listener. The 
housewife, for instance, will find radio better company 
than ever as it creates the illusion that broadcast Pzr-
sbnalities are actually present in the room with her. 
One doesn't need an educated ear to appreciate stereo, 
says Dr. Manfred R. Schroeder, in charge of acoustics re-
search at Bell Telephone Laboratories. He believes that the 
average listener, once accustomed to stereo's "liveness," 
1Harold Lawrence, "Audio in the Theatre," Audio, June 
1959, p. 66. 
2
nrs Stereo for Real?," U.S. Radio, June 1959, p. 37. 
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would find difficulty enjoying monophonic sound, i'Jhich vmuld 
then seem flat by comparison. 1 
One high-fidelity aficionado reportedly explained: 
Sound is like water coming from a hose. The sound 
of a good high-fidelity set-up is like the 'tlater coming 
from the nozzle in a hard, steady stream. Stereo is 
like turning the hose into a spray that fans out in all 
directions and covers everything ·vri thout blasting. 
Another listener described it thus: 
For me, stereo creates a wall 
orchestra is spread out before me. 
back of the walls of the room. In 
cordings, the woodvlinds seem to be 
of sound. The entire 
In fact, it extends 
some orchestral re-
in back of the wall. 
George IV'J.arek of Victor Recar ds suggests that stereo 
sound "envelops" the listener. Engineers may disagree with 
some of these rather subjective evaluations, but everyone 
will agree that stereo has a new sort of realism to recorded 
sound that is demonstrable to anyone v~ith tr::o ears. It is 
the highest achievement of the recording art.2 
Pseudo-Stereo 
The advent of stereophonic broadcasting in the 1920's 
led some engineers and radio experimenters to vmnder if the 
realistic effects of stereo could not be gotten through some 
simpler and less expensive method. It vms suggested that 
since the binaural effect depends primarily on the phase re-
lation of the sound "~Haves arriving at the tv,'O ears, that it 
2''VJ'ha t Is Stereo?," Audition, Sept ember 1958, p. 3. 
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might be artificially produced by introducing a slight lag in 
the time of arrival of sound at one of the ears eithe:c· by 
electrical or acoustical means. Doolittle suggested two 
other ways: (1) A stethoscope oould be substit:,uted for the 
head-set used in listening to binaural broadcasts. The tubes 
of the stethoscope could be connected to the monaural re-
ceiver by different lengths of rubber tu 1:rl. ng. This rnellmr·Ied 
the sound but of course gave no directional effects. {2) 
The tvw microphones in the radio studio could be connected to 
modulate a single transmitter instead of ti'."O separate ones. 
vJhen the monaural signal is heard, "both ears hear vrhat each 
ear should hear but no uower of location is obtained."l 
The "Kluth systemn was used for pseudo-stereo in Berlin, 
Germany. The stereophonic effect is pro due ed not at the 
transmitting end, but at the receiving end, 1:here a certain 
difference in phase between the currents in the t '::o telephone 
ear-pieces is caused to produce the binaural effect. This is 
done in a simple .uanner by us·e of a special variometer of ver} 
high indU: ctanc e : 
That even our sense of hearing is connected ~ i th 
concept ions of space has so far been :11ostly left out of 
account, though the mutual dis t::mce of the t\:o ears, 
vrhich is about 8~ inches, is bound to bring a sound 
coming from the left, for instance, a little later to 
the right than to the left ear, so that the acoustic 
perceptions corresponding to the tv:o ears, in spite of 
our remaining unconscious of the slight difference in 
time, are bound to differ from one another • • • hearing 
amalgamates the acoustic percr:;ptions corresponding to 
1
-r. 1·· ... ;. Dool1' t+-1::, "B1' .,.,1!:<ural B · 11 
.::' -. v '::: •J~ roadcastlnt;, Electrical 
World, April 25, 1925, p. 867. 
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the left and .right ears respectively into a single plas-
tic conception, which is further accentuated by indivi-
dual sound differences. 
Broadcasting, on the other hand, i·rill convey to 
our left and right ears respectively • • • perfectly 
identical oral impressions, re.sul ting in a • • • sound 
picture devoid of any plastic perception. Endeavors 
have therefore been made to devise some Yileans by 1::hich 
the left and right ears might receive slightly differ-
ent acoustic impressions • • • ul 
The arrival of stereo tapes and discs on the recording 
scene raised an important question in regard to previous re-
cor dings that 1t1ere not stereo. \Vhat 'If; ill nm·; hal) pen to the 
musical treasures of the past "monaural age?" 
Stereo is a far greater upheaval than other developments 
in sound reproduction along the way. Any great musical mat-
erial, "~tJhether it existed on cylinder records, acoustical 
discs, or electrical discs, oould be transferred to the new 
long-play records. lilany series novi in the LP catalog, such 
as Victor's Camden, Columbia's Harmony, and Angel's "Great 
Recordings of the Century," offer proof of the uniqueness 
of those performances, given a nei·T life on rr.odern LP discs. 
But the barrier betvleen monaural recordings and the stereo 
future is more formidable. 
"Sound enhancement" has been used to clean up recordings 
even as recent as Toscanini's, by adding certain acoustical 
factors that were not present in the original recordings, and 
by removing others. Hm1ever, the difficulties of t'enhancing" 
a monaural recording to sound like stereo are trelr,endous. 
lur. Alfred Gradenwitz, trPlastic Radio by the Kluth Sys-
tem," Radio News, November 1925, pp. 720, 722. 
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Such enhancement can be applied either at the recording 
studio, to ma~e pseudo-stereo versions of existing single-
channel recordings; or in the home, as a component for adding 
stereo's dimensions to playback of monaural tapes, discs, or 
film.l 
The disadvantages of pseudo-stereo in motion picture 
v1ork were listed by Loren Grignon, of 20th-Century Fox, in 
1953: 
Pseudo-stereophonic methods can indeed be used if 
the producer is willing to sacrifice the lifelike per-
spective effects, the sho~~anship of off-screen dia- · 
logue, music or other sounds and the improved fidelity, 
particularly in sets described as nbooray, 11 all of vmich 
are provided by true stereophonic methods. 
Should the producer decide to accept pseudo-
stereophonic sound, he must also accept certain restric-
tions among which are: (1) there cannot be overlapping 
dialogue or sounds in a scene from more than one source 
\rfhich have visually different placement; (2) there can-
not be moving sounds in the original scene simultaneous 
with fixed or differently moving sounds; and (3) if the 
dialogue or sounds from separated rources follov,r one 
another ·with very little interval, it may be necessary 
to cut the original sound into tvJO or more master sound 
tracks so that more than one re-recording mixer may 
handle only that part of vJhich each is capable. 2 
The synthetic stereo system outlined above is probably 
released on regular CinemaScope sound tracks. Another type 
of film pseudo-stereo vrould be the Perspecta system discussed 
loliver P. Ferrell, "Semi-Stereo: • • • Nov; or Never?," 
Hi-Fi and l'Iusic Review, October 1958, p. 55. 
2Lorin.D. Grignon, "Experiment in Stereophonic Sound," 
Journal of the Sl.\:IPTE, September 1953, p. 375. 
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previously, v.rhich Crowhurstl suggested in a simplified ver-
sion for the home. It would be subject, however, to exactly 
the sane restrictions as rr:.entioned by Grignon. Only one 
sound could be moved at a time. 
Crowhurst also mentioned a sirr.pler pseudo-stereo idea he 
calls "Single-channel Stereo." This injects artificial re-
verberation e~ctronically, 10 milliseconds late, into a 
single-channel source. This causes electronic reverberation 
and makes the material sound more "alive." It may sometimes 
appear to improve reproduction, but Crovdmrst says that it 
more often produces a repeated resonance that can becoiT.e 
annoying. 
Still another pseudo-stereo device consists of dividing 
the frequency spectrum and delivering different parts or 
different response characteristics to each speaker. The dif-
ficulty 1dth this is that an arrangement that improves the 
presentation of one segment of the program material is detri-
mental to another. 2 However, the plan can be experimented 
v-;ith by anyone possessing a two-channel amplifier v:i th indi-
vidual tone controls. 
Chernof designed a "JD Converter" to provide the audio 
experimenter vd th a· means of capturing the illusion of depth 
and liveness associated with stereo, at a fraction of the 
1crov-rhurst, "New Approach to Hi-Fi Stereophonics," Radio-
TV News, Au§lst 1956, pp. 35-JB. 
2Ibid. 
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cost. It converts monaural sound from phono or tape to "sim-
ulated" stereo by electronic ally separatinp; the single sound 
channel into t1·.'0 separate output cha.11nels sufficiently differ-
ent in phase and freouency structure from each other to simu-
late, say, ·the sound of a sy1nphony orchestra as pic ::eel up by 
ti·JO separate microphones. No clairns a.re :made that it is any-
thing but a simulated stereo syster..1.1 
Interest in the pseudo-stereophonic illusion has been 
building ever since the Bell Laboratories began their stereo 
i'Tork. Hobbyists couldn't afford anythinf; like three-channel 
arrangements, so they began experimenting 1.'i th dispersed, 
multiple-speaker arrangem:: nt s, as \vell as '.·i th the ''volume 
expander," which increased the limited dynamic ran c;e of the 
old shellac 78 rpm recordings. 
Next came the added gimmicks of freouency separation, 
mechanical artifical reverberation, and finally directional-
ity, as in the Perspecta system. Work has recently been go-
ing ahead commercially with "phase differeEtial" enhancing 
devices, such as "Stereo by Holt." This device now on the 
market consists of an auxilliary amplifier 1ri th a volume 
control and separate bass and treble controls, together vdth 
a series of phase-shifting neti,mrks. 2 
A variation of this phase differential approach has been 
1J. Chernof, "Improved 3D Converter," Radio-TV Ne·v1s, 
January 1956, ~P· 56-57. 
2David Hall, ''Stereo: Genuine and Simulated," Hi-Fi 
MUsic at Home, October 1957, pp. 169-170. 
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worked on by Holger Lauridsen of the Danish Hational Broad-
casting System. During this i'JOrk, begun in 1954, Lauridsen 
combined the single channel, delayed by from 50 to 150 mille-
seconds, and fed so as to produce opposite phases but eQual 
amplitudes at the ears, v1ri th the undelayed single channel fed 
1tvith the same phase and amplitude to each ear. Hanfred 
Schroeder applied the principle to loudspeaker operation. 
One speaker, fed ~~th undelayed si&1al, faced the listener 
and thus formed the point source, while the other speaker, 
fed by the delayed signal, was at right angles to the first 
and thus formed a dipole source. This was equivalent to 
feeding the undelayed single channel ,,rith a different fre-
quency range and phase response in the path to each ear. 
Different frequency responses were found to be more important 
factors than phasing in providing the spatial illusion.l 
Simulated stereophonic sound wa.s obtained from a single-
channel sound source in a cmrunercial sound system by 
Lindridge. He used separate amplifiers for bass and treble 
frequencies, and corresponding speakers. 2 Permoflux Corpor-
ation, nov: defunct: produced and advertised in September 1955 
the "Stereo-Vox," which v:as called the "Greatest development 
lManfred R. Schroeder, "Single channel pseudo-stereo.;. 
phony," (abstract}, Wireless V/orld, December 1958, p. 597. 
2Charles D. Lindridge, "Multidirectional Repro due tion 
and Re-recording of £:Iusic from a Single Sound Source," 
Journal of the AES, October 1954, pp. 244-248. 
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audio since LP reccr ds 
monaural sources."1 
. . . stereophonic reproduction from 
The "Xophonic," made by Radio Craftsmen Company, is a 
widely advertised miniature reverberation chamber in prin-
ciple. The music is played through a small specker into a 
coiled pipe, and at the end of the pipe, a second miniature 
speaker acting as a micronhone picks up the sound, amplify-
ing it and feeding it to a built-in third speaker. The last 
speaker is employed as the "second speaker" in the simulated 
stereo system. The sound is delayed about 1/20 of a second 
in this rather primitive device. Since the two loudspeakers 
and the speaker acting as microphone are housed in the same 
cabinet, there are serious feedback problems, and the coiled 
pipe adds spurious reasonances. Ferrell calls it "an inter-
esting pseudo-stereo effect which is neither rnediumly decent 
stereo nor enhanced monaural programming. 112 
Two more hopeful solutions to the pseudo-stereo illusion 
are now being tested. The first is a creation of Paul 
\!leathers, vlhic h combines the three rr;ost important enhancing 
principles now known: 
( l) time differential between the listener's tvJO ears, 
(2) different sound reflection patterns, resulting in 
phase configurations of the instantaneous sound 
spectrum, 
lnstereo-Vox," News release from Permoflux Corporation, 
September 19 55 • 
2Ferrell, "Semi-Stereo: Now or Never?," on.' cit. , p. 56 
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(J) Variable method of controlling amplitude, particu-
larly with regard to "attack" in musical instru-
ments. 
The Weathers device reportedly even renders an illusion of 
apparent motion. Three speakers are required, but it is not 
scheduled for production until the stereo disc dust has 
settled down .1 
The second hopeful solution is being found in v:hat is 
described as "the most advanced electracoustically experi-
mental studios in the ,_,,orld," high in the S~Jiss Alps. There, 
Dr. Hermann Scherchen is developing, between concert tours 
v·Ji th Europe's best symphony orchestras, his own pseudo-
stereo device. Ce_lled the "Stereophoner, " 2 the actual instru-
ment was not constructed until Dr. Scherchen had carefully 
isolated and defined the various eler.lents of the stereo ef-
feet. Then he began ~Jo rk on the actual "hard':Jare" of the 
"Stereophoner." The instrument requires only tv:o speakers, 
but played from an ordinary monaural sound source, it is said 
to provide a highly effective illusion of stereophonic depth 
and directionality. 
Both the VJeathe rs and Scher chen devices might show a 
way to salvage our heritage of priceless single-channel 
recordings for the future3 -- a better way than recent 
lrbid. 
21Timpani-Tempered Tyr::int, 11 Time, January 5, 1959, p. 52. 
3Ferrell, "Semi-Stereo . . . Nmv- or Never'," .9.12.· cit., 
p. 56. 
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"enhanced for stereo" stereo disc releases, v:hich 11:erely roll 
off the bass frequencies on one channe 1 and the treble on the 
other channe 1 to arrive at a primitively simple pseudo-stereo 
effect that v!ill help the companies to cash in on stereo 
sales.l Yet it must be rer::embered that no enhancinr; device, 
no matter hovJ perfect, is a substitute for genuine multi-
channel stereophonz. 
The Future of Stereophony 
The best fo~etelling of stereophony in the future was 
seen and heard at the recent Brussels Universal Exposition. 
The Philips Radio Corporation of Holland spent t\!O years and 
used its best engineering talents to put together Edgar 
Varese' "Electronic Poem" and present e c1 it in a special 
building designed by Le Cor1:u sier. ~:Jhile the music played, 
huge colored pictures flashed on the stark concrete walls. 
There vrere 400 loudspeakers around the building in strategic 
locations, all turned toward the concrete walls on v.rhich the 
sound impinged and reflected. The "musique concrete" vJ'as re-
corded on three-channel tape and could be varied in intensity, 
quality, and other effects by a large console operated by 
three technicians.2 
lA good example of the latter is the disc "The Ivian 1:'Ti th 
The Golden Arm," Decca 78257. According to the liner notes, 
"This unique performance, a recorded ra sterpiece of our time, 
has been specially enhanced for STEREO listening. n 
2Hugo Gernsback, "400 Loudspeal:ers, n R~dio-Electronic s, 
October 1958, pp. 46-47. 
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The composers of the new experinental music in Euro~)e 
all employ stereophonic -::.ape records to a large extent. The 
French Radio System composers use tv.o-channel machines in the 
creation is their "Husicque Concrete," on magnetic tape. The 
Italian Radio composers, ~urking in their studios in Milan, 
have used t-vm and th.ree-channe 1 tape, and the Gerrnans, led 
by the young Karlheinz Stockhausen in the creation of their 
"Electronic 1-'Iusic," vvork '.:i th nothing less than eight chan-
nels. The best-knoirJn electronic music v'.rork, nsong of the 
Youths in the Fiery Furnace," \vas co~:,posed by Stockhausen on 
5-channel tape. The taoes are played in special auditoriums 
around iJJest Germany, ·where five separate speaker groups sur-
round the audience completely, enabling the composer to have 
a sound occur behind the listener, in front of him, circle 
around him, or explode right in his lap!l 
This last quality of circling the auditorium vdth a 
particular effect, was borro1r:ed b:r t, .. ,o San Francisco men to 
create an entirely neirJ and different American form of "tape 
recorder music" in stereo. The creation of Henry Jacobs and 
Jorden Belson, "Vortex" beean performances in I•Iay 1957 in the 
Morrison Planetarium in San Francisco. Forty speakers located 
around the dome of the planetarium are connected to a stereo-
phonic tape machine and special controls -vvhich oermit the 
1Persona_l Interview vr.L th Dr. Vladimir Ussachevsky, 
Chairman of the Columbia University }:usic Department, Nev;r 
York City, February 3, 1959. 
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speakers to direct the sound at the audience from any point 
of the compass, or from all points at once, or to rotate the 
sounds around tre au die nc e, })lacing them in the "vortex. nl 
The nevv art form has become an integral yart of the Bay 
Area's entertain.'Tlent-concert life, Ic:r. Jacobs con-;me nt s: 
It is a kind of new sensory corrununication, 'irJhich 
allov-m the receiver to create even more excitingly than 
the communicator -- a rare, rut stimulating opportunity 
in these days of the million dollar cliche on television, 
film, and videotape.2 . 
As vQth the Philips work, each composition is accompan-
ied by visual effects projected on the dome. The impact of 
the compositions, created by several engineers, musicians, 
and artists, is extrer11e. The audience is engulfed and over-
·whelmed by the patteJ's of sound and light. The Audio-Visual 
Research Foundation has adopted Vortex as its project, and a 
general goal of "expanding the creative vocabulary and tech-
t 
niq_ue s of the various audio-visual media." The Foundation is 
planning a special electronic theatre and research center. 
Vortex may turn out to be, as its founders claim, "the the-
atre of the future. n3 
Stereophony has been put to less spectacular uses out-
side the direct realm of music and should see more use of thie 
sort in the future. For example, what vras probably the 
world's largest outdoor stereo sound re-inforcement and re-
1Liner notes to Folbrays stereo disc, "Vortex," FSS 6301. 
2Quoted in Ibid. 
3Ibid. 
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cording system to date was used for the l":onterey Jazz Festival 
in 1958. 1 A four-channel system of the same sort provided 
sound distribution for the 1959 Nevrport Jazz Festival. l!Iitch 
r-iiller called the system "the best PA system I have ever 
heard. tt The channel separation in this system was held do\"m 
to only 8 db so that persons sitting close to one speaker only 
would not get an unbalanced sound signal. It is the only 
stereophonic public address system in New England. 2 
In business and industry, sterephony has become more 
and more important. Iviultiple reproducer techniques in busi-
ness hold the promise of clearer, more intelligible rec~ds.3 
The Ampex Company began commercial production of multi-track 
tape recorders in 1949 and 1950, not for stereo fans, but for 
those interested in recording telemetered information from 
guided missiles and associated equipment. Ordinary two-track 
stereo machines are used in the industrial field for the 
purely investigative purposes of localizing and subjectively 
analyzing sound sources, or making sounds subjectively appear 
more realistic, Two headphones, rather than loudspeakers, 
are used for these purposes.4 
lR. J. Tinkham, "Sound Recording and Reinforcing at the 
Monterey Jazz Festival," Audio, December 1958, pp. 22-26. 
2Personal Intervievl \'d. th Miles Rosenthal, owner of stereo 
public address system, Newport, H.I., July 4, 1959. 
3a. Southvrarth, "Binaural Sound Reproduction," Radio-TV 
News, Viarch 1953, p. 71. 
4Russell J. Tinkham, "Stereophonic tape recording repro-
ducing equipment," Journal of the SiviPTE, January 1954, p. 71. 
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Acoustical consultants Bolt, Bera.nek ?:, Ne-uTnan, Inc., 
in Cambridge, Massachusetts, have used stereophony for many 
purposes. An electronic reverberatj_on system w2s installed 
at Christ Church, Cambridge, after considerable experimenta-
tion v'ith a model in the company's laboratories. Acoustics 
1.vere very poor in the church, vii th uersons in soi:-:e sections 
of the small church unable to hear anything. The system 
consisted of 12--reverberation-speakers concealed around the 
church near ceiling height, all connected to the Aeolian-
Skinner organ and to a microuhone set-up that picked up the 
sound of choir and minister. The sounds are fir2:t sent to 
a reverberation chamber in the basement of the church, then 
the information is selected as to time and origin before be-
ing sent to the various speakers. The result is en excellent 
acousticBl environment in 'ltih.ic h everythins can be cleET ly 
heard, yet in v.rhic h one is completely unm:are of the speakers 
around the room. The Reverberation System can be used in any 
auditorium or theatre vdth poor acoustics, but of course has 
to be custorn-built.l 
Another device developed by Bolt, Beranek & Neuman, in 
cooperation vii th Dr. 1:1. J. Gardner, is the "Audio-Analgesiac. 1 
This device, using stereophonic tapes, is inst2.lled in dental 
operation rooms and replaces all but the heaviest anesthetics. 
A tape transport playing stereo music is connected in ~l)aral­
lel with a noise channel presentinh a shaped noise spectrum. 
lpersonal intervie'H wi.th John Kellner, of Bolt, Beranek, 
and Neuman, Cambridge, I'-'iarch 27, 1959. 
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The noise and music are heard through hea.dphones on the 
patient's ears. The patient is given knobs to control music 
and noise. Prior to a dental operation, only :rusic is used, 
Hoi'Iever, "'men pain becomes great, the patient can bring in 
the noise over the music, and the pain stops. 
The principle basis of the device is the control of the 
two types of nain: 1) core pain, and 2) reaction to pain. 
The nerves running to the brain carry the core ~)ain. 'liihen 
the noise is inserted, it "jams" these lines and cuts out the 
pain. The reaction to pain is caused by the patient becoming 
tense and v.rorrying about the operation. The stereophonic 
music "transports" him aurally to an entirely different loca-
tion -- that of the concert hall or studio ,.rhere the music 
was recorded in stereo. The music takes away the tenseness 
and gives the patient a feeling of relief. The selection of 
music is imnortant -- it must be l'he.t thP :?atient enjoys. 
600 patients have so far used the Audio-Analgesiac instead of 
anesthetic. It proved 90% effective, and over a dozen have 
nm,;, been installed in dental offices • 1 
Finally, the Cambridge company uses bin::mral recordings 
to help them evaluate room acoustics in concert halls. They 
vvant to find a certain an sv1er to i·;h y certain halls are con-
sidered so much better acoustically than others. Using a 
set of "dummy" heads 'ltr.i th microphones in the ears, recordings 
1Personal Inter vim·! v:i th Samuel La bate of Dolt, Beranek, 
and Neuman, Cambridge, I'Iarch 25, 1959. 
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are made in the halls under inspection. The l·'ooden heads are 
even covered with about an inch of rubber coatin.~ to simule.te 
the human skin textures. The heads, of \·~hich the company 
mrms four, are placed in various spots in the a ud ienc e and 
used to record musical nerfonnances on stage. All four are 
recorded on separate tape rachines simultaneously, synchron-
ized by a generator tone. 
Then, in the quiet of the laboratory, the recordings 
can be listened to at length through headsets. Instruments 
are used to plot the noise spectrum from each channel of the 
stereo tapes and comparisons are made. Reverberation and 
decay are studied. The recordings are kent on file for fu-
ture reference. One hall can then be compared to another 
vlithout maldng a trip there. Halls all over the 'I:?Orld can 
be comr:a red and studied easily. Without stereophonic record-
ing, the acoustic nerspect ive would not be reproduced and fev: 
judgements on the halls' qualities cculd be made. 1 
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CHAPTER VIII 
SUMliARY AND CONCLUSION 
This study of stereophony and its relationship to com-
munications was initiated at the request of broadcasters vJho 
wanted more information about the new medium so that they 
could make the best use of it. 
The full-scale investigation of stereophony could not 
be understood without first dealing with the 9hysiological 
basis of stereo. In other words, we could not hear stereo-
phonically if we did not have t1rm ears. Some of the early 
research on this subject proved this. The effect was actu-
ally known as far back as 1880. The theories that explain the 
stereo effect in hearing were listed, including differences 
in phase, intensity, and frequency. The limitations of one-
eared sound, or monaural, were sho·wn to be, among other thing~ 
lack of depth, directionality, clarity, and "psycho-acoustic 
cues." The four types of reproduction systems -vrere defined 
by Olson. These are monaural, or one-eared through one chan-
nel; binaural, or two-eared reproduction, recorded vdth mi-
crophones spaced in simulation of the human ears and heard 
through speakers; and stereophonic, or multi -channel sound 
reproduced through separate speakers. 
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The "ideal" stereo system was illustrated and explained 
as a basis for stereophonic research. This system uses a 
microphone for each instrument in the orchestra or voice in 
the choir. Each microphone is led through a single channel 
to end in a single loudspeaker in the listening environment 
which reproduces only the sound of that instrument. Since 
this is impractical, simpler methods of three and finally 
two channels were constructed. 
The early history of stereo is surprisingly eventful. 
It began in 1881 with Cla:nent Ader' s binaural "broadcasts" 
over telephone wires from the stage of the Paris opera. 
People who subscribed for the phone lines to their homes, 
wore telephone receivers on each ear and heard the stereo-
phonic effect. The next major appearance of stereo was dur-
ing the 1920's, when station WPAJ and others made tvm-channel 
binaural broadcasts by using two separate AM transmitters and 
receivers. In the early 1930's Blumlein in Great Britain de-
veloped a successful system of cutting stereophonic phono-
graph records, and Fletcher in the United States experimented 
with binaural reproduction under the auspices of the Bell 
Telephone Company. 
1934 brought one of the most important stereo demonstra-
tions. Wired broadcasts were made from the Academy of Music 
in Philadelphia, to Constitution Hall in Washington, D. c. 
Leopold Stokowski controlled the sound of the orchestra with 
an "enhancing" device in Constitution Hall, while another 
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conductor led the orchestra in Philadelphia. A three-channel 
system was used. Other stereo disc developments by Bell 
engineers and by a Dutchman, De Boer, following in the late 
1930's and early 1940's. The first chance for the consumer 
to have stereo sound in his home came in 1952 with the Cook 
stereo disc. It used two separate grooves recorded vnth one 
beginning at the outside diameter of the record and the other 
beginning half-way in. This naturally cut the playing time 
in half, and the process of starting the tv!o pick-ups needed 
to play the discs in the correct grooves was difficult. The 
discs therefore did not become populm~. 
The first commercial appearance of stereophonic sound 
on magnetic tape had a different outcome, however. While not 
immediately popular, the two-channel tapes, with one channel 
recorded on the top half and the other on the bottom half of 
~-inch tape, grew in popularity until in 1957, 650 different 
tapes were on the rrarket, together with hundreds of machines 
to play them on and even record one's o~m stereo effects. 
The film medium was the first to bring stereophonic to 
many persons. The first successful stereophonic film sound 
track was heard in 1940. Called the Stereo Sound-Film System 
by the Bell Laboratories' engineers ~rho constructed it, it 
used four optical tracks on a separate strip of film, with 
three of these used as separate stereo round channels, and 
the fourth as a "compander" device to enable greater dynamic 
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range to be effected in the final rep reduction. The frequen-
cy response and distrotion all met high fidelity standards, 
and the "enhancement" device of the 1934 experiments was kept 
as an added feature. 
Walt Disney put most of the ideas from the Bell SSFS 
into the production of his 1941 film, "Fantasia." The name 
used for his pro cess 'lt.ras "Fantasound." The expense of these 
methods led other engineers to develo9 simpler ways of en-
hancing the sound quality in theatres. One of these used a 
control track to feed the signal to speakers spaced around 
the theatre, for special effects, such as storms, wind, and 
also for music. Most of these systems failed, and no real 
stereo or pseudo-stereo motion picttre sound was heard again 
until Cinerama opened in 1952. This process used from five 
to eight separate channels on a separate strip of film. 
CinemaScope followed the next year, vd. th a 11 four stereophonic 
sound tracks on the same strip of film as the picture. This 
was accomplished by the use of magnetic sound striping on the 
processed film. 
"Perspecta" was a system suggested by motion picture 
engineers looking for cheaper methods of achieving higher 
realism in the theatre. It employed a sub or super-audible 
tone which fed the single-channel sound to various sets of 
loudspeakers behind the screen, simulating direction and 
motion. Frayne suggested a system that returned to optical 
tracks in order to eliminate some of the disadvantages of 
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magnetic ones. The process of recording film sound is nearly 
identical no matter what process the fina 1 sound tracks were 
released under. Some problems confronted the motion picture 
exhibitor, including the expensive stereo conversion, and 
the lack of complete standardization. 
The second medium of stereophonic information is mag-
netic tape. The first use of tape in the United States was 
after the Second World War, and stereophonic work in this 
medium followed soon after. The first machines used stag-
gered heads, and later stacked heads were adopted as the 
industry standard. Tape has many advantages over phonograph 
reccrds, including better quality. This is proven by the 
fact that all reccr ds today are cut from original master 
tape recordings. Commercial tape sales declined rapidly 
when the stereo disc was introduced, due to the much lov:er 
price of stereo music on discs. A new tape cartridge opera-
ting at a speed of 3 3/4 ips and using four tracks was 
promised, and the tape industry came almost to a standstill 
waiting for it. When it does arrive, this nev.r cartridge is 
intended, with its lower price, to return tape to its former 
position of popularity. 
Phonograph records and tapes each have their ov.m ad-
vantages and disadvantages as mediums for stereo. One of 
the disadvantages of disc is the mechanical process of cut-
ting and playing them back. This is balanced by the ease of 
use. Several methods of cutting stereo \vere suggested. 
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These included Cook, VL, Minter, and CBS. The 45/45 system 
was adopted as industry standard. This system cuts the rec-
ord both vertically and laterally at the same time, ·hi th the 
left-channel signal being etched on one wall of the v-shaped 
groove, and the right-channel signal being etched on the 
th t 450 1 o er, a a ang e. The stereo disc has risen rapidly in 
popularity and caused the new interest in stereo for the con-
sumer. 
Stereocasting is of two gem ral types, "double trans-
mission," and "multiplex." The first uses two stat ions broad-
casting cooperatively. One transmitter carries the left-hand 
signal, and the other the right-hand one. Three-channel 
broadcasts, with a third transmitter, have also been made. 
Multiplexing is the solution to stereocasting, however, be-
cause it uses only one radio station for each stereocast. It 
does this by superimposing a sub-carrier upon the regular 
signal. This sub-carrier contains, in most of the systems, 
all the directional information. There are over 17 different 
systems of multiplex, and the FCC has chosen a National Ster-
eophonic Radio Committee to decide 1r1hich one should be chosen 
as the industry standard. Among the most important are the 
Crosby, Halstead, Burden, Calbest, RCA, Westinghouse, and 
Bell. Some of these systems operate only on TI~ radio, while 
otters are designed for AM. Some could be used for either. 
Even though no decision has been r.~de on multiplexing, 
several stations are broadcasting on FM with multiplex 
224 
equipment in an experimental manner. However, most of the 
stereocasting activity around the world is by means of 
"dou ble-transmi ssi on." Nore than 12 5 stat ions in the U. S. 
alone are no'ltJ making regular stereocasts. 
The final chapter of this study deals 1rri th the impact 
of stereo upon the communications indus try and the public. 
There is a need for complete standards. The large sales of 
stereo equipment and smaller sales of stereo records show 
the financial state of the development. Recording producers 
can't seem to decide how to present their a_rtists in stereo. 
There are many different opinions on v-rhat good stereo should 
sould like, and so far there is no theory of microphone 
placement for a "standard" stereo effect. There are also 
many different opinions among professional people and the 
general public as a whole as to wmt stereo is really like. 
Some of these are included in the chapter, including com-
ments by musicians Stokowski and Stravinsky. Stereo has 
meant a break with the past in recording, for it is an en-
tirely new process. Therefore the great masterpieces of the 
past may be lost to generations of the stereo-bound future, 
unless a "pseudo-stereo" device is developed which will en-
hance· single-channe 1 material to the point of sounding al-
most like stereophonic reproduction. Some of the devices 
now produced and being developed are discussed here. 
The future of stereophony is foretold by sonle recent 
musical experiments in stereophonic "tape recorder music" 
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mixed with visual presentation, and also by the many busi-
ness, industry, and medical uses of stereo. The most start-
ling of these is the "Audio-Analgesiac," vvhich uses stereo 
music as an anesthetic in dental operations. 
All sound; intentionally or unintentionally, is stereo-
phonic. But oound reproduced over suitable equipment V'ith 
this intention ~ produce a much more complete sound commu-
nication. 
It should be realized tl'R t there is no single correct 
way of achieving the stereophonic illusion. It is dependent 
on many things: sound oou rce, micro:ohone s, transmitters, 
recording medium, reproducing medium, room acoustics, and so 
on. A presentation should be as realistic as possible, but 
we ~annot expect exact identity vr.i. th the original. We should 
be able to arrange our recording and/or reproducing equipment 
to coincide with some theoretical "justification" of effect. 
Perhaps the future will bring this, or perhaps the use of the 
stereophonic tools will be up to the creative instincts of 
those using them. The "Vortex" experiment is an example of 
the latter possibility. Perhaps music will be written es-
pecially for stereophonic reproduction -- a type of music 
entirely divorced from traditional methods -- a synthesis of 
the talents of musician and engineer.l 
1Norman H. Crowhurst, (New York: John F. Rider Pub-
lisher, Inc., 1958), pp. 73-74. 
226 
The experiment that started in 1881 has resulted in a 
ne"~ll medium of communication that shov1s the promise of be-
coming avai~.ble to everyone soon. However, it still has 
some way to go before ·vre can truthfully say v:e kno·F every-
thing about it. Looking to the future of stereophony, we 
can expect even the tremendous adv.s.nc es of recent years to 
show furtte r improvement. Present trends should ccn tinue, 
but the mad rush of the past year vdll probably cool some-
what. Reasonable standards v:ill be established for the 
various media of stereophonic presentation. The decision 
on multiplex should revolutionize radio v:hen it is finally 
made. According to Louis Garner: 
Stereophony has come a long v;ay. Interest is at 
fever pitch -- at least among audiophiles, record com-
panies and equipment manufacturers. But stereo has not 
yet gained really wide-spread public acceptance. Whe-
ther "every home" will boast a stereo system in the 
future (as most can nov,r boast a radio) is still a ques-
tion for the crystal-ball experts.l 
1Louis E. Garner, "Stereo Then and Now," Radio-Elec-
tronics, March 19 59, p. 55. 
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